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INTRODUCTION. 


OK THE PIIYSICAL AND CHEMICAL PRINCIPLES COKCERKED IN THE 
x' ART OF WARMING AND VENTILATION. 

An inquiry into the constitution and uses of our atmospbere 
in the economy of nature and art, is calculated to promote a 
solemn feeling of admiration and gratitude. This wonderful 
creation encloses w'ithin its capacio’usVurves, like a vast dome, 
the widely extended kingdom.s of nature, to which it ministers 
materials for growth, health, and enjoyment, and by iti trans¬ 
parency reveals to intelligent beings a glimpse of other^rea- 
tions beyond its limits. ^ one time, it stands in simple 
grandeur as a vault of tender blue, displaying the glorious sun 
and the landscape smiling beneath at another time, its su»r 
face is chequered with fleecy clouds,—“the beauteous sem¬ 
blance of a flock at rest,”—or alpine heights of more than 
silvery brightnc.ss, or huge piled up masses, dark and frown¬ 
ing ; all contributing to form wondrous variety and beauty in 
the aerial scenery, and giving to the landscape below the ever 
varying charms of light and shade. Again, the blue of this* 
splendid ceiling becomes deeper and deeper, and bright golden 
points shine out here and there, increasing in number until the 
whole surface appears as if richly studded with gems. 

If these great and glorious sights were of rare occurrence, or 
jould only lie witnessed from a few chosen spots on the 
jarth’s surface, they would stimulate our ^curiosity, and we 
should’eagerly hasten to those spots, or read the descriptions 
a^d gaze at the picture which travellers and artists had pi’e- 
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pared for us. Their common occurrence, however, causes 
them to be viewed with inditrereuco; but there are also many 
. hidden wonders connected with the atmosphere equal in 
beauty tb those which appeal directly to the eye, but 
requiring study for their due appreciation. The atmosphere 
is a scene of incessant restless activity. The heat of the 
tj#>pical sun upon the earth sets the air in motion, rarefies and 

* causes it to ascend : meanwliile the air from cooler rejrious 

• . 
rushes towards the equator to supply the vacuum, jicifonning 

• various useful othccs on its way. Here it is tlu* trade Avind or 
the monsoon; there it is the sea or the land breeze; in 
a third place, it is the hill and valley breeze, all giving 
health and refreshment to places which otherwise might be 
uninhabitable. ^leanwhile the heated ascending air of the 

‘ equator proceeds on its useful mission in the direetion of the 
poles, forming an uppcr/current, descending in some places 
and mitigating the cola of temperate regions, as the under 
current tempers the licat of tropical climes. The heat, too, 
whiofc gives force and activity to these aerial currents or vast 
natural ventilators, also raises ^hc waters of the ocean an(|^ 
charges the air with moisture; this moisture ascends and 
^rms clouds, those busy and active Avater-carriers wliich 
tmverse the unobstructed regions of the sky, and pour doAvn 
their treasures on the city and the plain, and on the desert 
where no water is, filling the mountain cisterns, Avhence guslf* 
out the springs and rivers; and these descend in a meandering 
course, and diffuse beauty and blessing on the lower lands long 
«after the rain cloud has been dissolved. It is the resistance of 
^ the atmosphere that causes the rain to come down in gentle 
drops, and thus gradually to diffuse its refreshing influence, 
instead of falling in torrents and cataracts, as ^t otherwise 
would, without the retarding and separating influence of the 
air. It is the atmosphere which dispenses the' white fleecy 
flakes of snow to the temperate re^ons, whereby tbid earth is 
covered and protected from the chiUing influence of a low 
temperature; the air, too, is the rfgioi )f mists and fogs,; ^ 
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wl^ch bring moisture in a still more gradual manner; a cold 
current of air blowing over a wanner stratum of air, and cooling 
it, thereby rendering its moisture yisible ; or, afUy sun-set, the 
river may be warmer than the air, and the escaping vapour 
condense into large rolling masses. But we especially notice 
the beneficial effects of differences of temperature between the 
air and the earth in the formation of dew; the moisture whiali 
the heat of the day had exhaled from the earth is deposited 
when a cloudless sky allows the earth to radiate its heat into 
space, and to cool down below the temperature of the air; the 
refreshing moisture is tjien condensed upon vegetation and 
upon surfaces where it is most needed. 

Not only are we able to trace in the atmosphere those great 
and regular motions which bfing about an interchange 
betM'ecn the air of the equator and that of either pole, but 
there are other motions, apparently i^ore fitful and irregular, 
in the winds, which blow from all points of the compass, and 
i tend perpetually to restore the equilibrium of heal and 
moisture. # 

I How wonderful, too, is the ytion of the atmosphere on light. 
By its means the sun’s rays are diffused, and their influence 
extended from the sunshine to the shade. Were it not foi|^ 
the atmosphere, the sun would shine in an intensely dark sky, 
and no object would be visible unless the solar rays fell directly 
upon it. Sun-set would be a sudden transition from light to 
darkness; and sun-rise a painful change from intense darkness 
to intense light. But under the present wise and providential 
arrangement, the transition from day to night Is calm and 
peaceful; the sun departs in splendour, like a monarch attended 
by £ gorgeous court, leaving a mild and subdued scene of 
b^uty behind; the soothing influences of evening gradually 
steal upon us, and new scenes of wonder and beauty gradually 
' become unfoldSd. After some hours of peace and rest, the 
! portals of the eastern sky slowly open, and one rosy messenger 
iifter another ascends <to announce the advent of the king of 
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Jn addition to these complicated duties w’hich the atmos¬ 
phere has to perform, there are yet others still more 
wonderful. A large number of the operations of nature are, 
as it were, daguerreotyped in tly air in such a manner, as to 
convey to sentient and intelligent creatures information of 
what is going on. The murmuring of waters, the tinkling of 
hUs, the whisi>ering of winds, the sound of the fcirest in the 
bla.«it, the rush of the cascade, the roar of the ocean, and the 
roll of the thunder, are only certain motions among material 
bodies, which impress their own peculiar characters on the 
air, and form what arc called sottyds. Sounds arc of so 
numerous and, at the same time, of so distinctive a character, 


that a large portion of every language is appropriated to tlieir 
precise description. Thus, to define a few of tlie sounds 
emitted by certain animals, we speak of the lowing of 
cattle, the bleating of ^eep, the caw’ing of rooks, tlie cooing 
of pigeons, the his-sing of snakes, and many others. These 
souncBs, expressive of certain w’ants and motions, feelings and 
syiri^^athies, have, doubtless, an intelligent meaning among the 
respective species of animals tc^^W'hich they apply ; but both 
sound and its perception are alike dependent on the atmos- 
nhere. The phenomena of sound and of hearing, however, 
obtain their most perfect and exalted development in articu¬ 
late speech, by which intelligent and responsible creatures arc 
enabled to shape air into words, those swift and winged 
messengers by which we express our wants and feelings, by 
which we advise, instruct, or admonish others, share in their 
joys, their sorrows and affections; a glorious and also a 
fearful gift, since every idle word that man shall speak he 
will have to give account of at the day of judgment. Inferior 
only to articulate speech is the language of music, which, 
like the beauty produced by form and colour, is an invention 
calculated to promote the happiness of man. 

The uses of the air in the arts of life are innum^ble. It 
is the cheapest and most effectual prime mover ; we have 
merely to supply the tools, the machmery, and the work to-tjc^j 
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done, and it will labour with untiring activity. It wafts our 
ships over every sea, turns our milk, raises water in our 
pumps, accompanies the diver in the diving belj, bears up the 
balloon, feeds our furruices; but here we come to* a distinct 
series of valuable offices performed by the atmosphere, 
if possible, even more extensive and important than those 
already referred to. The chemical history of the atmospl^re 
is even more wonderful than the physical,* and j«rill now 
require, for the object of the present essay, a few details. 

The atmosphere is composed essentially of two gases, in ai 
•state of mechanical mixture, named oxygen and nitrogen. In 
its pure state, oxygen is chiefly remarkable for its energetic 
properties in promoting combustion, decomposition, and 
various chemical changes. A taper, with a mere spark of 
fire in the wick, will, when plunged into oxygen, burst into' 
flame and burn brilliantly; iron* v^re, made red-hot at one 
extremity, will burn away with the greatest ease in this gas. 
An animal, in an atmosphere of pure oxygen, suffer from 
excess of vital action; its pulses throb wdth increased rapidity 
and vigour, the vittil sparkj^as it w'ere, bursts into flame, and 
destroys the animal. Nitrogen (or, as it is sometimes called, 
azote) is as inert in its properties as oxygen is active. Jt 
supports neither life nor combustion, and its principal use in 
the atmosphere seems to be to dilute the oxygen, and to 
subdue the w'onderful energy of this vigorous element to the 
endless number of useful purposes w^hich it has to perform in 
the economy of nature. The proportions in which these two 
gaseous bodies are mingled, are very unequal; every atom oi* 
particle of oxygen in the atmosphere is accompanied by foui^ 
atoms or particles of nitrogen; or, in other words, if we take 
a measure •of any capacity, divided into five equal parts, and 
decant^nto it four pai'ts of nitrogen and one part of oxygen, 
we got a mixture identical in all respects with pure atmos¬ 
pheric atr. * 

* The physical properties of the atmosphere are investigated in 
itudimeniary Pneumaiicn^ 
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Fiir. 1. 


In the great chemical operations of nature which are de¬ 
pendent on the atmosphere, oxygen passes through Yarioui 
mutations, and enters into new combinations, whicli form th< 
basis of grand and wonderful contrivances. Some of th< 
most important of these operations depend on the process oi 
combustion, of which the following is a simple illustration 

A piece of wax taper (Fig. 1), fixed in th( 
centre of a cork, is lighted and floated on the 
surftico of water in a shallow dish ; if this 
be enclosed within a bell glass, the mouth 
of which dips into the water and rests on 
the dish, the air of tlie glass will ]>c cut ofl 
from any communication with the external 
atmosphere^ The flame of the taper will 
immediately diminish, and in a few seconds 
be extinguished. On cxj/iiihing the air left in the glass, it 
will be found incapable of supp!)rting annual life or combus¬ 
tion ; fSur-fifths of the original bulk of air is still nitrogen, 
and tikis is apparently unchanged ; tlm remaining fifth is no 
longer oxygen, but a comjmund^f oxyge?i with the carbon 
and hydrogen of the flame—oxygen and carbon producing 
c^jbonic acid, and oxygen and hydrogen ]>roducing water, 
which, in the form of vapour, condenses on the inner surface 
of the glass. 

O 



the product of combustion, called carbonic acid, is 
inca[)abie of supporting life and combustion, and thus re¬ 
sembles nitrogen. But there are these differences between 
rtiem :—nitrogen is a little lighter than its own bulk of atmos¬ 
pheric air ; carbonic acid is considerably heavier; nitrogen is 
an elementary or simple substance, that is, one which has 
never yet been resolved into two or more dissimilar parts; 
carbonic acid, on the contrary, is a compound capable cf being 
separated or decomposed into carbon or charcoal, ^and oxygen. 
Moreover, pure nitrogenj shaken up in a botfle, witK a little 
lime water, produces no effect; carbonic acid renders it ttirbid, 
by combiitfng with the lime and rendeiing it insoluble; nitre® 
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gen is scarcely absorbed by wat-er, but water absorbs its own 
volume of carboni(r acid; nitrogen has no taste or smell, 
carbonic acid has a sharp taste and an acid reaction. Hence, 
it will be seen, that these tw^ bodies, which have th4 common 
property of extinguishing life and preventing combustion, are 
marked by characteristic differences. 

Some idea may be formed of the enormous demands on the 
oxygen of the atmosphere for supporting combustion, ^rom the 
fact, that a single iron furnace bums or consumes, in the course 
of twenty-four hours, not less than three hundred and ten tons, 
weight of atmospheric air, or as much as would be required 
for the resjiiration of two hundred thousand human beings 
within the same I'Kjriod. 

(-arbon, which forms the solid basis of most fuel, and in a 
minutely divided state renders flame luminous, is a simple sub-' 
stance, and exists in nature iindei^a variety of forms. Its 
purest form is the diamond, as is proved by the formation of 
carbonic acid only, when it Ls burnt in pure oxygen. Char«ft\'il and 
coke are otlier well known forms of carbon, the one obtained 
from wood and the other l^om coal; coal is a compound of 
carbon, hydrogen, nitrogen, and oxygen, with a mineral and 
earthy residue. Wax, tallow, i'c., are compounds of carboj^, 
hydrogen, and oxygen. 

Hydrogen, wdiicli is the source of all common flame, is the 
lightest substance that has ever been w’cighed: it is more than 
fourteen times lighter than its own bulk of atmospheric air at 
the same temperature; it supports neither life nor combustion. 

A lighted tai)er plunged into it is extinguished, but the hydrogen 
itself takes fire and burns at the mouth of the jar, where it is# 
in contact with the oxygen of the air, with which it unites and 
forms water. One volume of oxygen combines with two of 
liydrogtn to form water; or by weight, one grain of hydrogen 
unites with^ight grains of oxygen, and as the hydrogen is 
jixteen times lighter than its own bulk of oxygen, it follows 
that ohc grain of hydrogen will occupy twice the bulk of eight 
frains of oxygen. Pure hydrogen burns with scarcelylny light; 
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in the flame of our lampe, candles, gas lights, &c., the minutely 
divided carbon, in rising up through the flame, becomes white 
hot, and presents innumerable luminous points; at the exterior 
of the flame the oxygen of the atmosphere seizes the minute 
atoms of carbon as they escape, aifd, by combining with them, 
forms invisible carbonic acid. A cold substance, such as a 
pi^e of glass or metal, held in a flame for a moment will con- 
' dense a portion of the carbon in a minutely divided state If 
a lamp have a deficient supply of air, it will smoko, that is, a 
^jwrtion of the carbon of the flame will escape without com¬ 
bining with the oxygen of the air. Lamp black is formed by 
burning oil in a close chamber with a deficient supply of air. 

Hydrogen unites with nitrogen to fonii ammonia, three 
volumes of hydrogen being required to one of nitrogen. This 
•substance is pungent and acrid, but when diluted with air is 
an agreeable stimulent. ^Jt us very soluble in water, which at 
the temperature 50^, takes up G70 times its bulk i»f the gas. 
Ammonia is an alkali, and combines readily with acids, pro 
ducing an important class of ammouiivcal salts. 

Nitrogen and oxygen combine to form nitric acid, one part 
of nitrogen uniting with five pans of (»xygen. Not only are 
these numbers diflerent from those which represent the com- 
position of the atmosphere, but the mode of combination is 
different. The oxygen and nitrogen of the atmosphere are 
mixed mechanically, just as a portion of fine sand difliised 
through water may be said to mix with it without combining. 
In either case, the bodies preserve their own peculiar properties; 
Qr the properties of the compound form a mean between those 
^of its component elements. But in a chemical combination 
between two bodies, a third body is formed, whoso properties 
need not, and seldom do, resemble t^sc of the^ component 
elements. Thus sulphur and oxygen combine chem^ally to 
produce sulphurous or sulphuric acid, substances whose pro¬ 
perties are quite different from those of the sulphur and 
oxygen which produce them; the sulphurous has also veiy 
different properties from the sulphurjc. So with nitric acid, 



enlabgi:d view op combustion. 


this compound has none of the properties of the constituents ol 
the atmosphere, but a now set of properties peculiar to itself 
This powerful acid maj he formed ariiiiciallj i)} various ways 
but only one need here be mentioned. By passing a'successioii 
of electric sparks through a mixture of oxygen and nitrogen, 
this acid is formed ; so also, during a thunder storm, the 
lightning striking through vast masses of atmospheric Air, 
produces nitric acid, which, combining with amm<jpia, also 
formed in the atmosphere, descends with the rain upon the eartli 
in the form of nitrate of ammonia. 

Now tlje object for which these details have been broughf 
forward, is to enable the reader to take an enlarged view of the 
process of combustion, fur this, in fact, constitutes the chief 
moans by which nature accoTnjdishes licr annual cycle. An 
accurate knowledge of tlie liomcly jwoecsses of warming and 
ventilation depends upon a clear In^lit into the principles of 
combustion, and it is only an oft repeated truism, that our 
useful arts become more elhcicnt in practice, more economical, 
and more conducive to our happiness, in proportion in our 
knowledge of the princijile^ upon whicli they depend. Xoav, 
according to the common Jvcce}>tation of the term, combustion 
is the rapid union of a combustible with a supporter of coi]^- 
bustion, whereby new compounds are formed, heat and light 
accompanying the formation. Thus a piece of iron wire or of 
phasphorus ignited and plunged into a jar of oxygen gas burns 
vividly, the iron falling in molten drops amid showers of scin¬ 
tillations, and the phosphorus emitting a vivid flood of painful 
light. In this process, the oxygen and the iron unite to form «, 
new substance, oxide of iron; the oxygen and the phosphorus, 
also form a new substance, phosphorous acid. If, however, the 
iron be exposed long enough to the atmosphere, the oxygen 
will combine with it in precisely the same manner, and form 
jxide of iron*; months or even years may bo required for the 
;ompletion of the process which in the ^ar of oxygen was 
wjcomplished in a few seconds; but the result is the same, 
fhe same amount of b(»,t is evolved by the combinaSiou of the 
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oxvffen and the iron during the slow process of rusting, as in 
the rapid process of burning. So also with the phosphorus. 
A piece of thia substance exposed to the air combines with the 
same amount of oxygen, and evoives precisely as much heat 
during the time that it slowly wastes away, and produces the 
same weight of acid as it would do if burnt in a jar of oxygen. 

ffow it must be evident, that if a process, rapidly brought 
about iui one case and slowly in another, produce the same 
results, wo do not add to our knowledge by associating 
•ilitFeront names and different trains of thought with the one 
fis compared with the other; on the contrary, we disembarrass the 
subject by considering the processes as identical; whether thi- 
combustion be rapi<l or slow, it is still combustion. Undoubt¬ 
edly there are cases where slow combustion i.s not j)Ossible, 
A j)iece of coal and the oxygen necessary to its combustion 
may remain in contact fof centuries without undergoing any 
change; but the moment a spark of fire i.s introduced, they 
begin fo combine and soon disappear, with all the more 
obviofls phenomena of combustion. In such a c.ase, all we 
<*an say is, that a high temi>efature is neceasary for the 
combination ; but this case does not disturb the view wo are 
•tdeavouring to impress upon the reader, that combustion may 
bo a very slow process as well as a very rapid one. 

Let us take another case of combustion. If a portion of 
the solid food of animals be placed in a red hot platinum 
crucible, it will bum away ; its carbon will unite with oxygen 
from the air and form carbonic acid; its hydrogen will unite 
^ith oxygen from the air and form water; its nitrogen may 
•escape free, or it may unite with a portion of its hydrogen, and 
form ammonia; and in this way all the gaseous volatile products 
wiU be expelled from the crucible, leaving behind only a small 
portion of ash, which consists of salts, some of which are 
soluble in water and others insoluble in that fluid. 

Now, in a chei^ical point of view, the living animal frame 
is a real apparatus for combustion; it is a rital furnace, in 
w'hich thf carbon supplied by the fffel, which we call fooi, 
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is burnt, and, combining with oxygen, escapes by the lungs 
and the skin into the atmosphere, under tlie form of carbonic 
acid. In this apparatus also the hydrogen of Jbod is burnt, 
and uniting with oxygen, % escapes as aqueous vapour; the 
nitrogen of the air, as taken into the lungs, is again exhaled 
by respiration, but the nitrogen and soluble mineral portions 
of the food are rejected under the form of oxide of ammo¬ 
nium in the urine ; the insoluble mineral portioijs of the 
food are rejected in the form of solid excrement. 

Now every portion of food which a person of mature agt» 
takas into his system, is thus dispersed from day to day. In 
infancy and youth a portion is retained to form materials for 
growth; in old age, the individual lo.scs metro than he receives. 
!Uid, consequently, wastes .slowjy .aw’ay. But, in each case, the 
natural process is similar to the artificial one repre'^ented in* 
the heated platinum crucible. *W.e cannot, therefore, resist 
the evidence that tlie C(tmbustion of food, whether in the 
animal or in the cnicihlc, is one and the same process; the 
only difference being, tliat in the cnieible the heat is “ftiten-se 
and the proees.s rapid ; ir^ the animal, the heat is moderate 
and the proco.-s comparatively .slow. That wdiich is called 
animal heat (‘J8° Fahr.), is in fact the heat of combustign, 
and the object of the donie.stic proces.ses of warming and 
ventilation is to cmable the anim.al to maintain this heat, and 
to convey away tlie gaseous products of combustion as fast as 
they arc fonned. The soluble and insoluble products of com¬ 
bustion are conveyed away by other natural means ; and it 
will be our duty hereafter to show, that it is as unwise 
neglect the means for clearing off our gaseous excrements, a« 
it would l^e insane and unnatural to attempt to retain tliosc of 
another kind. 

Another j)roof of the identity of the two processes is that 
nature disposes of the products of combustion in precisely 
the same manner, wdiether derived from ordinary combustion 
or animal respiration. The vegetable kingdom is the grand 
laboratory wherein thbse products of combustion \rc decom- 
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posed and elaborated into new combinations. Plants inhale 
or absorb carbonic acid, decompose it, retain the ctu-bon as 
materials for growth, and return the oxvgen back to the 
atmosphere; plants absorb water,or aqueous vapour, decom¬ 
pose it, retain its liyJrogen, and also return back the oxygen 
to the atmosj^herc; plants sometimes take nitrogen directly 
from the air, and sometimes indirectly from the oxide of am- 
uionium ^r from nitric acid. Thus it will be seen that the 
chemical function of plants is directly the reverse of that of 
animals—the animal kingdom constituting an immense appa¬ 
ratus for combustion; the vegetable kingdom an equally 
grand apparatus for reduction, in wliich reduced carbonic acid 
yields carbon, reduced water its hydrogen, and in which abo 
7‘educed oxide of ammonium ajid nitric acid yield their am- 
Inonia or their nitrogen. The organic matter which constitute.s 
the food of animals is destrt)ytd by them, and rendered for the 
most part inorganic; this, in its turn, becomes the aliment of 
plants. #10 materials with which plants elaborate organic com- 
pound% the atmosphere serving as the means of communication 
between the two kingdoms. Or^nic vegetahle substances 
pass ready formed into heri)ivorous animal'^, wliich de.stroy a 
pqrtiiui of them, and a})propriate the remainder as materials 
for growth. From herbivorous animals tho.se organic matters 
pass ready formed into the carnivorous, who dc.stroy or retain 
some of them, according to their wants. The herbivorous 
animals are .slaughtered for the use of the carnivorous, and 
when these, in their turn, cease to live, they decompose, and 
the atmo.sphere again takes up, in various ways and by various 
processes, the materials of which they were composed. 

The great stimulus which gives motion to the wonderful 
machinery of the vegetable world is solar light. Linder its 
influence, the carbonic acid yields its carbon, the water its 
hydrogen, the ammonia its nitrogen. It is not for 'the purpose 
of purifying the air that plants are especially necefflary to 
animals. Their great use is to furnish a never faibng supply 
of organic matter, ready prepared for -iissimilation, in short,* 
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with fuel, which animals can burn for their own use. The 
purification of the air by vegetation is a remote service j the 
other service is so immediate, that if it were tp fail us during 
a single year, the earth wi>uld be depopulated.* * The mean 
amount of carbonic acid in the atmosphere iS scarcely one 
volume in 2,000, which is a surprisingly small quantity, when 
we consider how numerous and productive are the sources o&this 
gas. Volcanoes, fires, animals, fermentation, and j^ecay, are ' 
constantly producing it, nor will the quantity given off by a 
single individual appear insignificant, when it is stated that 
Sir Humphry Davy found that he required, for the purposes of 
respiration, during the 24 hours, 4.'),504 cubic inches of oxygen, 
weighing 15,751 grains, and producing 31,680 cubic inches of 
(iiirbonic acid, weighing 17,81 Ingrains, or 4,853 grains of carbon. 
Tliese numljcrs vary with different individuals, and also in th^ 
siime individual at different perfodfe of the day ; according to 
Dr. Trout, the maxirauin quantity of carbonic acid is given off 
about noon, up to which period it gradually increases from the 
beginning of twilight; and after noon, it as gradually diminishes 
until evening, and is at i^ minimum during the night. It 
appears, frura the mean of a large number of observations, that 
the average quantity of carbon evolved from tlie luqgs 
amounts to 130 gniins per hour, or 3,120 grains in 24 hours, 
which is nither more than 7 ounces daily. This calculation 
does not tiike into account the cjirbonic acid evolved by 
cutaneous respiration. The quantity of oxygen consumed in 
respiration varies also with the state of exertion or repose of 
the individual According to an observation of Lavoisier, the 
consumption of oxygen in the two states was as 32 to 14. Thi 

* Tlie cheraical relations between the three great kingdoms of nature 
are stated at greater length in onr J'J.’imt/ on the Apiilication of 
C/iemi4ry to Agriculture, appended to 1‘rofessor Pownes’ Budiimntary 
(Jlunnidry ; Nut the reader wlio desires to pursue the subject further, ia 
referred *10 Liebig's Chemistry in its Applicotion to Agriculture, 
I’rofcgsor Johnstone’s Elements of Agricullm.ral Chemistry and 
Oeology, and also to a Lecture by M. Dumas, on the Chemical Statics 
of Organized Beings. * 
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quantity of vapour given off by the lungs has also been 
variously stated, but the average is supposed to be about 3 grains 
per minute; according to Thenard, the amount of vapour given 
off by the skin varies from 9 to 26 grains per minute. 

In the prodbss of respiration, a full grovm man draws into 
his chest about 20 cubic inches of air; only one-fifth of this is 
oxygen, and nearly one half of this oxygen is converted into 
carbonic acid. Now allowing fifteen inspirations per minute 
for a man, he will vitiate about 300 cubic inches, or nearly 
»ne-sixth of a cubic foot of atmospheric air, and this, by 
mingling as it escaj^es with several times as much, renders at 
least two cubic feet of air unfit for respiration. Now the 
removal of this impure air, and the bringing in of a constant 
fresh supply, have been provided for by nature in the most 
perfect manner, and it is by our ill-contrived artificial 
arrangements that the pretvision is defeated. The expired 
and vitiated air, as it leaves the chest, is heated to very near 
the temjterature of the body, viz. and being expanded by 
the heat, is specifically lighter than the surrounding air at any 
ordinary temperature ; it therefor^ ascends and escapes to a 
higher level, by the colder air pushing it up, as it does a 
baboon. The place of this heated air is constantly supplied 
by the colder and denser air closing in on all aides. In the 
open air the proceas is perfect, because there is nothing to 
prevent the escape of the vitiated air j but in a close apart¬ 
ment, the hot air, rising up to the ceiling, is prevented from 
escaping; and gradually accumulating and becoming cooler, it 
d^ends and mingles with the fresh air, which occupies the 
bwer level. We thus have to inhale an atmosphere which 
every moment becomes more and more impure and unfit for 
respiration; and the impurities become increased much more 
rapidly by night when lamps and candles or gas are bitffning, 
for flame is a rapid consumer of oxygen. Under these circum¬ 
stances, our only c!jjance of escape from suffocation is in the 
defective workmanship of the house-carpenter; the crevices 
in the wintlow frames and doors allow the foul air a partial 
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exit, as may be proved by holding the flame of a candle near 
the top of a closed door, in a hot room; it will be seen that 
the flame is powerfully drawn towards the do^ in the direc¬ 
tion of the outgoing current; and on holding the’ flame near 
the bottom of the door, it will be blown away from the door, 
shewing the direction of the entering current. If we stop 
up these crevices, by putting list round the windows and doors, 
so as to make them fit accurately, we only increase the evil ’ 
The first cflect is, that the fire will not draw for want of sufficient 
draught; if the inmates can put up with a dull fire and a smok^ 
atmosphere, they soon become restless and uncomfortable— 
young people get fretful and peevish,their elders irritable, respi¬ 
ration becomes impeded, a tight band appears to be drawn round 
the forehead, which some inyisible hand seems to be drawing 
tighter and tighter every moment; the eyeballs ache and 
throb, a sense of languor succeeds fro fits of restless impatience, 
yawning becomes general, for yawning is nothing more than 
an effort of nature to get more air into the lungs ] under these 
circumstances the announcement of tea is a welcomtfrsound, 
the opening and shutting ^f the door necessary to its preparsr 
tion give a vent to the foul air, the stimulus of the meal 
mitigates the sutfering for a time, but before the hour of rg^t, 
the same causes of discomfort have been again in active 
operation, and the family party retires for the night indisposed 
and out of humour. 

But in the bed room, the inmates are not free from the 
malignant influence. The closed doors, the curtained bed, and 
the well closed windows, are sentinels which jealously guard 
against the approach of fresh air. The unconscious deepeis 
at each respiration vitiate a portion of air which, in obedience 
to the law of nature rises to the ceiling, and would escape, if 
the means of escape were provided; but, in the absence of 
this, it soodi shakes off those serial wings, which would have 
carried it away, and becoming cooler and denser, it descends, 
and’again enters the lungs of the sleepers, who unconsciously 
jnhalft the WIiATi thA rnnm has hecomellsuroharcred , 
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with foul air, so that a portion must e8cai)e, then, and not till 
then, does it beg^in to escape up the chimney. Hence many 
persons very properly object to sleep in a room which is 
unprovided'with a chimney; but itfis evident that such a ven¬ 
tilator is situated too low down to be of much service. If 
there be no chimney in the room, a portion of tlie foul air 
escapes by forcing its way out of some of the cracks and 
‘ crevices w;hich serve to admit the fresh air. 

That this sketch i.s not overdrawn, must be evident to anv one 
jwho, after an early morning's w^alk, may have returned directly 
from the fre.sh morning air into the bed room whicli he had left 
closely shut up an hour before. What is more disgusting than 
the odour of a bed room in the morning? Why is it tluit so 
many persons get up without feeling refreshment from tlieir 
Meep ? Why do so many persons pass sleepless niglits I The 
answer to these and man) otlier similar questions may he 
frequently found in defective ventilation. How^ much disease 
and misery arises from this cause it w'oiild be ditficult to state 
with afty approach to accuracy, bccau.se tlie causes of misery 
are very complicated. Among the |)oor, tlie want of sutheient 
nourishment, neglect of temiieranco and cleanliness, and ex- 
cegsive labour, all act with aggravating effect ujK>n want of 
ventilation and drainage. Among tiie middle cla.s,ses, mental 
anxiety, overtasked powers, insiillicicnt out-door exercise, are 
also aggravating causes ; but there i.s a similar want of atten-. 
tion to ventilation and drainage. The rich suffer least, because 
they pass much of their time in the pure air of the country, 
and are relieved from a good deal of anxiety, by being inde¬ 
pendent in circumstances; their rooms are also larger and less 
crowded than those of the other classes ; but still there is a 
neglect of ventilation, and they often breathe a 'iwisonous 
atmosphere for hours together in the crowded an(| heated ball 
room, the theatre, and the fashionable assembly; sd that faint¬ 
ing, headache and sickness, are the not uncommon results. 

A poisonous atmosphere! The expression will not be found 
too strong when wg examine the ingredients of the air of an ' 
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unventilated room. The products of combustion, whether 
they be those of the respiration of liuman beings, or the 
burning of artificial light, consist of—1, carbonic acid; 2, 
nitrogen ; 3, vapour of wiyjter, mingled with various animal 
products of a very offensive nature. Gas .also often con¬ 
tains a minute portion of sulphuretted hydrogen which 
escapes, and a minute portion of the gas itself (carbure|ted 
hydrogen) also escapes unburnt. 

Carbonic acid gas is a deadly poison. If we attempt to 
inhale it by putting the face over the edge of a beer vat, the^ 
nostrils and throat are irritated so strongly, that the glottis 
clo.seR, and inspiration becomes impossible. In its pure state, 
then, it is impossible to breathe carbonic acid gas ; but when 
this gas j/B largely diluted with air, it can be breathed, and the 
3ym[>tom3 resemble those of apoplexy. Professor Christison* 
quotes a case related by M. Chomel of Paris, of a labourer, 
who was suddenly let down to the bottom of a well containing 
carbonic acid diluted with air, where he remaine(> three- 
quarters of an hour. On being drawn up, he was first Sjipected 
with violent and irregular convulsions of the whole body, 
accompanied by perfect insensibility; fits of spasm, like 
tetanus, then came on. During the second day, these symp¬ 
toms wont off, and ho continued afterwards to be affected with 
dumbness. It is especially to be noted, that contraij to 
general popular belief, these effects may be produced in situa¬ 
tions where the air is not sufficiently impure to extinguish the 
flame of a candle; nor does the lurking danger display itself 
to the sense of taste or of smell. , 

The danger of using charcoal as a fuel will be noticed further 
on ; but we may here remark, that the proportion of carbonic 
acid necdlsary to produce a poisonous atmosphere is very 
small li so much so, that in attempts at suicide by burning 
charcoal iii*an open room, the people who have entered the 
apartment have found the air quite respirable, and the choffer 
burning, although the person they sougfit was in a state of 
deep coma, from hawing been long exposed to the noxious 
influence. * 
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Now AS no person would consent habitually to swallow a 
small portion of liquid poison, knowing it to be such, though 
diluted with a yery large portion of pure water, so it is equally 
unwise to ‘consent habitually to ainhale a small portion of 
gaseous poison, knowing it to be such, though diluted with a 
very large portion of pure air; and yet this is what the 
majority of persons actually do who occupy apartments un- 
‘ provided jrith proper ventilating apparatus. 

Nitrogen gas, which constitutes four-fifths of our atmoa- 
4 )here, is not, like carbonic acid gas, a poi.son. Its proj)ertie8 
are altogether inert; it will not supjxirt re.spirution nor com¬ 
bustion, simply from the absence of oxygen. An animal 
plunged into an atmosphere of nitrogen would die, simply 
because this gas is incaixible of oxygenising the blood. A 
Hame is extinguished in this ga.s, simply because there is no 
affinity between it and »the incandescent hydrogen and 
carbon. 

The iftipour given off by the lungs and the skin is charged 
with offensive animal effluvia, which greatly promote the con¬ 
tamination of the air of a crowded apartment. Dr. Faraday 
expressed his opinion to a parliamentary committee in 183*5, 
or^the subject of ventilation, that—“ Air feels unpleasant in 
the breathing cavities, including the mouth and nostrils, not 
merely from the absence of oxygen, the presence of carbonic 
acid, or the elevation of temperature, but from other causes, 
depending on matters which are communicated to it by the 
human being. I think that an individual may find a decided 
difference in his feelings when making part of a large company, 
from what he does when one of a small number of persons, and 
yet the thermometer give the same indication. When I am 
one of a large number of persons, I feel an oppres^ve sensa¬ 
tion of closeness, notwithstanding the temperature may bo 
about 60® or 65®, which I do not feel in a small fcompany at 
the same temperature, and which I cannot refer altogether to 
the absorption of oxygen, or the evolution of carbonic acidi and 
probably dfpends upon the effluvia from the many, present; * 
but with me, it is much diminished by a lowering of the tern- 
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perature, and the sensations become much more like those 
occurring in a small company. The object of a good system 
of ventilation is to remove the effects of such air.” 

The effects of air, vitiatt;^! by animal effluvia, is'evident in 
the disca.sc3 of the lower animals when crowded together in 
confined places. The glanders of horses, the pip of fowls, and 
a peculiar disease in sheep, all arise from this cause; and it 
is stated that, for some years past, the English natioi^ has been 
saved £10,000 a year, in consequence of the army veterinary 
surgeons ado[)ting a simple plan for the ventilation of the^. 
cavalry stabks. 

Our sy.Htcms of artificial illumination have even a greater 
deteriorating effect upon the air of an apartment than the 
respiration of human beings. ^ Tlic leakage of a gas pipe, or 
the imperfect combustion of the gas itself, in an apartment,* 
would cause the inmatc.s to inhale a portion of the gas. 
Sir Humphry Davy found, that when he breathed a mixture 
of two parts air and three of carburetted hydrogenf he was 
attacked with giddiness, headache, and transient weakness of 
the limbs ] hut common gas is often contaminated with 
sulpliuretted hy<lrogcn, as the blackening of the white painted 
wainscoting of rooms proves, in spite of the purifying proces^ 
adopted at the gas works. This gas is the most deleterious of 
all the aerial poisons. It has been found by experiment, that 
air, impregnated with a l,.'>00th part of the gas, kills a bird in 
a short space of time ; and that with about twice that propor¬ 
tion, or an 800th, it will soon kill a dog. This gas is emitted 


by 4 jesspools and sowers, and has been a frequent cause of 
death when breathed in a state of concentration. “ Th^ 
individual becomes suddenly weak and insensible, falls down, 
and eithc* expire.s immediately, or if he is fortunate enough 
to be quickly extricated, he may revive in no long time, the 
belly remaining tense and full for an hour or upwards, and 
recovery being preceded by vomiting and ^hawking of bloody 
froth.*” When the noxious emanations are less concentrated, 
*the symptoms are stilh very alarming; and m the dHute form. 
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as in the emanations from the gully holes of the sewers 
of London, persons inhaling them have often been attacked 
with sickness, colic, imperfectly defined pains in the cliest, and 
lethargy. ^ 

The emanations arising from the imperfect or slow combus¬ 
tion of oil and tallow are must injurious to health. The 
vapgur of a smoky lamp, if disengaged in small (piantitieH, 
excites intense head-ache. The fumes of the burning snuff of 
a candle are probably of the same nature, and are very poison- 
^ous, and every one must have remarked their i>cnetniting 
nature; they fill the room the moment a caudle is blown out, 
and their disgusting odour jHirvadcs the wliole hou.so in a 
a very short time. Dr. Chr'istison quotes a case in which they 
proved fiital ; a party of ironsmiths, who were carousing 
-on a festival day at Leipzig, amu-sed them.sclves with 
plaguing a boy, who was asleep in a corner of the room, by 
holding under his nose the smoke of a candle just extin¬ 
guished; at first he was roused a little each time, but when the 
amusecnent had been continued for half an liour, he began to 
breathe laboriously, was then attacked with inces-sant epileptic 
convulsions, and died on the third ^av. 

In addition to all these contaminating agents, carbonic acid, 
nitrogen, animal effluvia, carburetted and sulphuretted hy¬ 
drogen, &c., to which the air of an unventilated ajiartment 
is liable, there is yet another cause of injury to health in the 
disturbed electrical condition of vitiated air. This is a subject 
on which science has hitherto thrown no light. All that vve 
C 4 n do is to record the fact, that pure air, such as is lit for 
j^piration, is positively electric, while the air, which has 
become impure, and consequently unfit for respiration, is 
fhegativehj electric. * 

The effects of breathing an impure air have frequently been 
insisted upon by medical and other writers. In ttie evidence 
taken before the Committee of the House of Commons; on the 
health of towns, in the year 1840, the medical mtnesaes stated, 
that scrofulous diseases were a common, result of bad ventila-* 

t 
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tion * and tliat, in the case of silk weavers, who pass their 
lives in a more close and confined air than almost any other 
class of persons, their children are peculiarly subject to 
scrofula, and softening of the bones. Dr. Amott stated, that 
an individual, the offspring of persons successively living in 
bad air, will have a constitution decidedly different from a 
man who is born of a race that has inhabited the countiy 4br a 
long time : that tlvc race would, to a certain extent^ continue 
degenerating. Defective ventilation deadens both the mental 
and bodily energies, it leaves its mark upon the person, so that- 
wo can distingui.sh the inhabitants of a town from those of the 
country. Thi.*' witness, in alluding to the want of knowledge 
among all classes on the subject of ventilation, states that he 
had lieard at the Zoological Gardens of a clas.s of animals where 
fifty out of sixty were killed in a month, from putting them' 
into a house which had no openingnn it but a few inches in the 
floor. “ It was like putting them under an extinguisher; and 
this was supjiosed to he done upon scientific principles.’*’ 

Stuue of the details in this report of diseases, conseq'Jent on 
the liabitiuil breathing of air, vitiated by a number of human 
boing.s, crowded together in a badly drained and ill-ventilated 
part of London, are so frightful, that it is impossible to quq,te 
them here. No doulit tliese details refer to extreme cases 
among the poor and destitute; but no one will contend that 
the science and legislation of the day should be exerted only 

• lilr. Cannioliael, in his on the Xatiire of Scrofula, 

accounts for the extreme prevalence of the disease iu the Dublin House 
of fiidustry, at the time he uTote hy mentioning that in o'nc 

tvard of moderate height, 60 feet hy IS, there were 38 beds, each cot.' 
taining three children, or more than 100 in all. The matron remarked, 
that there'^8 no enduring the air of this ajjartment when the doors are 
first tlirown open in the morning; and that it is in vain to raise any 
of the windows, as those cliildren who happened to be inconvenienced 
by the <y)ld, close them as soon as they have an opportunity. The aii 
they breathe in the day is little better; mai\y are confined to th< 
apartments they sleep in, or crowded to the number of several hundred 

' in the school room. ’ 
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for those who have influence to command, or means to purchase 
their aid. Everr one who has knowledge or wealth at his dis¬ 
posal, is bounj to exert it os much for the benefit of his 
ignorant aftd poorer brethren as .for his own jileasure and 
profit. There is not only a moral law requiring us to do so, 
but there is also a natural law, and both have this distin¬ 
guishing proof of their divine origin; they are selfacting; they 
’ confer th| reward of obedience, and inflict the jienalty of trans¬ 
gression, with a precision and certainty wliieh find no parallel 
Jn mere human laws and institutions. The fevers and con¬ 
tagious diseases, arising from our neglect of the poor, find their 
way into our own dwellings ; the miasma of our courts and 
alleys enters our lungs, and casts us on a bod of sickness. If, 
through the mercy of God, we are permitted to rise again, 
bught we not to practi.se the lesson wliich the jicnalty has been 
seeking to convey to us ? • 

But not only are our dwelling houses badlv ventilated, but 
those bilildin^ on which the architect has liivi»hcd all hi.s art 
and sllill are, for the most part, entirely destitute of special 
meams for ventilation; and are so Cunstiucted, a.s to render 
the application of such means extremely difficult, or even 
irUDossible. Such a contrivance seldom enters the mind 
of the architect. A budding capable of holding from 
800 to 1000 persons, whether it be a church, a lecture room, 
an assembly room, or a concert room, is, in consequence of this 
neglect, the too frequent scene of much painful sufTering. 
When such a room is crowded, and the meeting lasts for some 
hours, especially in winter, the consequences are sufficiently 
•larked; either such a multitude must be subjected to all the 
evils of a contaminated and unwholesome atmosphere, or they 
must be partially relieved by opening the windows, and allow¬ 
ing a continued stream of cold air to pour down upoh the 
heated bodies of those who are near them, till the latter are 
thoroughly chilled, perhaps, fatal illness is induced; and 
imfortunately, even at such a price, the relief is only pariial, 
for th# wintiow^ bfing all on one side Of the room, and not 
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extending much above half vray to the ceiling, complete Ten- 
tilation is impracticable. This neglect is glaringly the result 
of ignorance, and could never have happened, had either the 
architects or their employers known the laws of the human 
constitution.”* 

The same intelligent writer remarks, that in churches 
fainting and hysterics occur more frequently in the afternoon 
than in the morning, because tlic air is then at its maximum 
of vitiation. Indeed, in a crowded church, the effects of de¬ 
ficient air are vL'^ible in the expres-sion of the features of every 
one pre.sent—“ either a relaxed sallow paleness of the surface, 
or the hectic flush of fever, is observable, and, as, the necessary 
accompaniment, a .sensation of mental and bodily lassitude is 
felt, which is immediately relieved by getting into the open 
air.” Some persons, however,’ do not find this relief ; the > 
headache often Lvsts for hours, and qnds in a bilious or nervous 
attack. 

Our school rooms are also sadly defective in respect »f ven¬ 
tilation, and we have knowm cases where, with all the wi^^dows 
open, a proper supply of air could lud be introduced into the 
crowded apartment. Whefl the v* eather did not allow of open 
windows, the atmosphere of the room was most loathsome 
to a visitor entering it from the fresh air. All the inmates coni- 
plained of a sensation of fulness and tightness in the forehead, 
and headache more or less acute. Command of temper on the 
part of the tcacliers, and menttd progress on the part of the 
pupils, are of course next to impossible under such circum¬ 
stances. The w'riter w'ould appeal to the experience gf 
teachers in general, w^hether the slow comprehension and ^ 
listlessness of children in school, who are sharp and clever in 
the playground, may not be traceable in a great measure to 
the vitiated air which they are compelled to inhale 1 

In curious contrast to the defective arrangements of inpst of 
our public buildings, with respect to ventilation, are our public 

■* * Dr. Andrew,Combo’8 Principles of Physidogy ,, 
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theatres. These arc, for the must part, tolerably well venti¬ 
lated, or at least some attempt is made to procure ventilation, 
and the managers do not fail to parade tlie fact in their play¬ 
bills at the opening of the season^. They are practical men ; 
they know that for some year.«» past the attention of the public 
has been directed to the subject ventilation, and that a 
studious attention to the comfort of the house is as likely t(t 
bring people to it as attractive performances. They know, tott, 
that people are more likely to enjoy and applaud the business 
of the stage when thov can breathe freelv, than when the 
head is aching and the sen.»ics are steeped in the drowsiness tjf 
a mephitic atmosphere. Some of the methods of ventilating 
theatres are clover and efficient, as ill be noticed hereafter, 
and could easily be applied to those fur more important build¬ 
ings, the churcli and tlie lecture r(»om. 

The traveller, in purvvit of hcaltli, businos.s, or i»lcasiire, 
is everywhere exposed to iiieoiiveniciice and sufTering from 
want of ventilation. In our coaches, railway carriages, and 
steana-boats, there are no means, or very inellicient ones, f(tr 
ventilation. Many of our readers will probably be able to 
call to mind their nights of sutlering in the heavy coaches of 
twenty years ago, or less. The writer hius freipieiitly travelled 
inside the Salisbury coach in winter, which left London at 
5 P.M., and arrived in Salisbury next morning at about 7 a.m., 
thus perfonning a journey of 8;!> miles in 14 hours ; such a 
journey, wdth six inside (and the WTiter has sometimes 
formed one of eight), with windows closed at the special 
request of some lady or gentleman, who seemed capable of 
breathing without the usual supply of fresh air, was a 
protracted torture not to be voluntarily endured in these 
days.* Yet it must be confessed that our railway cilVriages are 

t 

• In illuRtration of this part of our subject, we venturts to relate the 
following anecdote, which, us far as we know, has never before^^appeared 
in printSome ycart ago, an elderly gentleman, well known in the 
west of England, was travelling in the night coach from London tq 
Salisbury, Vhen hc^requested permission to' have one of the windows 
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Hot much better when the windows are closed and the tra¬ 
vellers are numerous. A second class carriage often contains 
from twenty-four to thirty, and even forty persons, and the 
air, under such circumstance^, is intolerable. Tfie first class 
carriages are better, because there is less crowding, but even 
these are seldom provided with efficient means for the escape 
of the vitiated air. The sleeping cabins of our steam-boats, 
though fitted up with general attention to comfort, are entirely 
without any special contrivances for ventilation. We have 
travelled more than once from London to Hamburg, and 
have slept, or endeavoured to sleep, two nights in the cabin of 
one of the steam company’s magnificent boats. The eager¬ 
ness with which w'e have exchanged the foetid air of the 
cabin for the pure air of the deck, even in rainy or boisterous 
weather, will be understood by all who have undertaken such 
a voyage. The horrors of the crowded fore-cabin are happily 
known to the writer only by description.* 

down: this m-us stoutly refused hy one of the five other passengers, 
and an altercation arose, which was suddenly cut short by a young 
midshipman fhnjsting his fist tlijough the glass window, and, turning 
to the supplicant for fresh air, to enquire whether he should break the 
other also. This was declined: the obstinate traveller sat in silence 
during the rest of the journey; but the old gentleman, interested b}’ * 
the bold and original conduct of his young friend, invited him to his 
%ouse, and afterwards become the means of greatly advancing his 
prospects in life. 

• I once took my passage in a steam-boat from Cologne to Rotterdam 
(at that time a voyage of nearly forty hours), and found, when I had 
got on board, that there was no sleeping accommodation. Tliis was of, 
no -consequence during the day time, and not of much consequence, 
in fine weather, during the night to an old traveller; but on tliis 
occasion, as might advanced, a cold drizzling rain compelled the 
passengers to seek refuge in the small cabin, the only one the vessel 
afforded. Vhen tea and supper w’cre fairly over, and nightcaps of various 
descriptions ha(f been distributed among the guests, the low bench round 
the cabin was completely occupied ,* those who could sleep did so; those 
who could not, tried a variety of postures, looked ^stfully at the four 
ecAofortable corners occupiq^ by envied sleepers; some had did down 
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111 our UATal and merdumt senrice much disease and mor> 
tality are the direct consequences of defective ventilation. The 
lower decks and close cabins of ships are often crowded with 
people eng4?ed in cooking, ei^ng, drinking, and sleeping. 
Their condition is bad enough in fair weather, but in a gale of 
wind, with the scuttles closed and the hatches fastened down, 
and no means provided for the admission of fresh air below 
but what can find its w'ay by an opening of a few feet square; 
when 'the vitiated eBluvia from the healthy, the sick, and 

upon the fioor; others found a hard pillow by loaning forward on the 
table before them ; and thoac who ntill kept awake, had an op]>urtimity, 
by the faint gleams of a lamp, to htudy this odd aud not over ehoerful 
grouping. One of my eomi)anion.H, not being able to sleep, went on 
deck and resigned his place to me, 1 thus got a place for my head, and 
with my great coat for a pillow, i managed to pass, in a kind of rcstleau 
sleep, the most dreary portion of the night. Early in the morning, an 
hour before day-l>reak, 1 went on deck; a moist fc^ rested sluggishly on 
the ^ter, and rcnderetl the shore barely visible. At this time an inci¬ 
dent occured which animated every one. A poor Dutch family was on 
l>oahd, consisting of a man, his wife, and four children, and it was 
suddenly proclaimed that the eldest boy had fallen overboard during the 
night, and was lost. A maw a startling snbject on even’kind 

of water, and in every desuriptiou of craft, and we w'crcall busy with 
^ inquiries as to when and where and by whom ho was last seen; search 
was made in every comer of the vessel, but all to no purpose;—the boy 
was certainly drowned, and there was no help for it. The father seemed 
to receive the condolence of the passengers with characteristic Dutch 
phlegm : he lit his pipe and received in silent resignation a long and 
apparently angry discourse from his wife; wc w'erc all very sorry for 
^him and for her, when, lo I the black tarpaulin, which covered a large 
collection of goods on deck, was seen to move, and from under one of 
its folds a large round sleepy face appeared, and crawling forth, with a 
yawn and a stretch, the object of our solicitude stood ^>cforc us: the 
parents expressed their joy in rather an odd manner,—the mother 
scolded, the (ather quietly put down his pipe and began tb cuff the 
boy ruddy, and, but for the interference of some of tlfe passengers, he 
would probably have received a sound thrashing for venftaring, as it 
appeared, withoq^ leave, to sleep in certainly what seemed to bathe most 
comfortable part of the vessel. 
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perhafis the dying, come steaming up the same aperture down 
which the fresh air is struggling to find its scanty way to the 
miserable inmates, how can we wonder at the mortality of 
seamen, especially in tropical^climates. In troop or transport 
ships, the constitutions of the men are frequently enfeebled, 
instead of being strengthened by the voyage. Moreover, the 
evils arising from want of ventilation are aggravated by t|^e 
horrors of searsickness ; the sense of smell becomes morbidlv 

^ A' 

sensitive ; the bilge water, or that stagnant corrupt water 
which lodges in the bottoms of tight vessels, emits the 
offensive odour of sulphuretted hydrogen and other gases; and 
these, combined with the • closeness of the cabins in sailing*' 
vessels, few can endure with impunity ; all this is even made 
worse in steam-boats by the odour of the hot rancid tallow 
used for greasing the engines. 

jMr. Robert Ritchie, in an excellentk paper on the ventilation 
of ships,* quotes a letter from a naval friend on the African 
coast, who says;—“ On the lower deck of our little "Craft 
were stowed away one hundred persons, ship stores, cook’s 
coppers, (kc. Never did I before feel so much the importance 
of a thorough ventilation. To sleep in such an atmosphere is 
next to impossible, and when exhausted nature sinks into 
repose, it awakes with that sickly and feverish sensation 
which betokens the derangement of your physical system, and 
*that you have been inhaling a poison which is slowly but 
surely preying on the vitals of your constitution. That disease 
and death should be frequent is only what every rational and 
scientific person would expect. Climate is blamed for eveiy, 
disease that appears in foreign stations, but I have not the 
slightest doubt that the want of a thorough method of ventila¬ 
tion on shipboard has, in very many cases, laid the system open 
to disease, which, in more favourable circumstances, could have 
b^n easily removed. The man who could improve the present 
wretched system would be justly entitled to the thanks of 
eveiy humane and benevolent individual.” * 

* Jameson’s JUdmburgh Philosophical Jourwd. •' 

c 3 ‘ 
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Such is the condition of a small crowded sloop of war. In 
large men-of-war the evils are less, on account of the ventila¬ 
tion of the lower decks by the gun-ports j these, of course, do 
not exist 4n merchant vessels ; anjjl in the lower, or orlop deck 
of all shij^s, there is great ditliculty in establishing a conjstant 
uniform current of fresli air. 

^In these introductory remarks, we do not insist upon the 
necessity of warming our rooms and other enclosed spaces, for 
that is an art which is practically well understood, and will re¬ 
ceive a share of attention in this little work, lint if warming is 
easy and well understood, ventilatitm is also easy and badly 
understood ; tliat is, it is very easy to ventilate a room or a 
biiiUliiig, but the necessity fur doing so is not generally 
admitted b) tlie great muss of the people, nor even by those 
whose duty it is to teach them and to provide for the practice, 
liut to combine the two ;^its, to warm a room sufficiently, and 
at the same time to ventilate it theruughly, is not easy, for the 
very<«aeans employed to ventilate a room, must necessarily 
♦lissjrjate and carry away the heat employed in warming it 
Something, however, may and ought to be done to combine 
the two methods, as we shall endtjavour to shew ; but before 
entering upon practical details, it is necessary to invite at ten- 
““tion to such of the laws of heat as are more immediately 
connected with our subject. We can scarcely do more, in 
our limited space, than bring together a few of the results of* 
scientific principles, and refer the reader to larger and more 
comprehensive treatises for their verification. 

^ Heat is given off from bodies by two distinct processes— 
radiation and conduction. In radiation, rays of heat diverge 
in straight lines from every part of a heated surface, and idso 
from extremely minute depths below such surfiUje. These 
rays, like rays of light, are subject to the laws of refraction 
and reflection, and their intensity decreases as •the square of 
the distance. When we approach an open fire, or tiie 8ur£a»oe 
of a stove, we fedl its heat by radiation, and it has been ascer* 
tained ihat, at the ordinary temperature of hot water pipes, 
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about one-fourth of the total cooling effect is due to 
radiation. 

But the amount of radiation of a body heated above the 
temperature of the surrounding atmosphere depends greatly 
upon the nature of its surface. If a vessel of hot water, coated 
with lamp black, radiate 100 parts of heat within a given 
time, a similar vessel, containing water of the same tempetar 
ture, coated with writing paper, will radiate 98 parts of heat; 
resin, 90; China ink, 88; red lead, or isinglass, 80; plumbago, 
75 ; tarnisbed lead, 45; tin, scratched with sand paper, 22; 
mercury, 20 ; clean lead, 19 ; polished iron, 15; tin plate, 12. 

In order to ascertain the velocity of cooling for a surface of 
cast iron, Mr. Hood selected a pipe 30 inches long, 2^ inches 
diameter internally, and 3 inches diameter externally. The 
rates of cooling were tried with different states of the surface ; 
first, when covered with the usual iTrown surface of protoxide 
of iron ; next it wa.s varnished bbek, and finallv the varnish 
was scraped off, and the pipe painted white with two coats of 
lead paint. The ratios of cooling P were found to be fcfJ^ the 
black varnished surface 1.21 minutes; for the iron surface, 
1.25 minutes, and for the wliite painted surface, 1.28 minutes. 
** These ratios are in tlic proportion of 100, 103.3, and 105.7 ^ 
but, as the relative heating effect is the inverse of the time of 
cooling, we shall find that 100 feet of varnished pipe, 103| 
feet of plain iron pijM}, or 105^ feet of iron pipe, painted white, 
will each produce an equal effect.”* 

Leslie found that tarnished surfaces, or such as are roughened 
by emery, by the file, or by drawing streaks or lines with a 
graving tool, had their radiating power coasiderably increased. 
But) according to Melloni, the roughness of the surface merely 
acts by altering the superficial density which varies according 
os the *body is of a greater or less density, previous to the 
alteration oflts surfiwe by roughening. The following experi¬ 
ment gives the data for this conclusion ; ^Melloni took four 


* Practical Treatise oit Warming Buildings, &Cy London/1844. 
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plates of silver, two of which, when cast, were left in their 
natural state, without hammering, and the other two were 
planished to |k high degree under the hammer. All four plates 
were then finely polished with pnmice-stone and charcoal, and 
after this, one of each of the pairs of plates was roughened, by 
rubbing with coarse emery paper in one direction. The 
qiamtity of heat radiated from these plates was as follows;— 


* Hammered and polished plate. 

.. W 

Hammered and roughened plate.... 

.. 18" 

Cast and polished plate . 

.. 13.7" 

Cast and roughened plate .... 

.. 11.3" 


Thus it appears that the hard hammered plate was increased 
in radiating power four fifths, )jy roughening its surface, while 
the soft east plate last nearly one fifth of its power by the same 
process. • 

When a body is exposed to a source of beat, a portion of it 
is al^orbed, and it has been proved, experimentally, that the 
absc^tive power of bodies for heat is precisely equal to their 
radiative power. It was long sujiposed that colour had great 
influence on radiation and absorption. By exposing variously 
^coloured surfaces to the heat of the sun, their absorbing power 
was in the following order—black, blue, green, red, yellow, and 
white. Hence it would naturally be expected, that the 
radiating powers of differently coloured bodies would be in 
this order, and that by painting a body of a dark colour we 
should increase its radiating power. Such, however, is not the 
<;a3e, for the absorption and radiation of simple herd; or kmt 
* witiiout light, depend on the nature of the surface rather 
than on colour. Heat of low temperature, or that which 
proceeds from bodies of low temperature, becomes less con- 
nected with colour the lower the temperature. • 

The numbers which represent the radiating powers of 
different bodies for invisible or non-luminous heat, or beat oi 
low temperature \as given above), evidently bear no relation 
to colour, for h^p-black and writing *paper fire nearly equal*; 
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Indian ink is much less, and plumbago still less. A ther¬ 
mometer bulb, coated with a paste of chalk, is affected by 
invisible heat even more than a similar one ,coated with 
Indian ink ; but this result does not occur when the heat is 
from a luminous source. Thus it was found by Scheele that 
when two spirit thermometers, one containing coloured, and 
the other colourless alcohol, were exposed to the sun, the 
coloured liquid rose much more rapidly than the colourless, 
but when they were both plunged into a vessel containing 
hot water, they rose equally in equal times. 

The propagation of heat by conduction is a very different 
process from that of nidiation. By conduction, the heat 
travels through or among the particles of solid matter; and is 
gradually communicated by one group of particles to the 
neighbouring group, and by this to the next group, and so on, 
until the temperature of the body in contact with the source 
of heat is raised more or less above tlie temperature of the 
air. When heat is communicated to a fluid body, the process 
is different. In consequence of tJie great mobility of its 
particles, those wliich first come under the action of the source 
of heat, being raised in temperature, escape from its influence, 
and ascend through the fluid mass, distributing a portion of 
their acquired heat among other particles on its way; other 
particles immediately take its place, and being heated, ascend 
* in like manner, and distribute their heat. By this process 
of cm section, as it is called, the whole of the particles in a 
confined mass of fluid come under the action of the heating 
body; those first heated, escape as far as possible from tho 
.source of heat, and becoming cooled, descend again to be heated, 
and again to ascend and descend. In this way a circulation 
is maintained in the whole mass of fluid. 

It is only by this process of convection that air may be said 
to be a conducting body, for if a mass of air be confined in 
such a way as to prevent the free motion of its particles, it 
ceases almost entirely to conduct heat, an^ maybe usefully 
’ Employed to retain heat; as in the case of double .vindows, 
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the enclosed mass of air prevents the heat from escaping 
the apartment, and shields the glass which is in contact with 
the warm air of the room from the cooling action of the 
external'air. According to souje experiments by Mr. Hood, 
each square foot of glass will cool 1.270 cubic feet of air P 
per minute, when the temperature of the glass is 1® above that 
o^the external air. This, however, is in a still atmosphere. The 
cooling effect of external windows when exposed to the action 
of winds has not been accurately determined. It appears that 
the cooling effect of wind, at different velocities, on a thin 
surface of glas^ such as the bulb of a thermometer, is very 
nearly as the square root of the velocity. But there are many 
objections to applying the results obtained from the thin glass 
of a thermometer bulb to the comparatively thick glass of 
windows, filass is a very bad conductor of heat, and the 
cooling effect of wind upon it is not so great as is generally 
supposed. 

Soiids differ greatly in their heat-conducting powers. If 
gold* conduct 100 parts of heat, platina will conduct 08.10 
parts ; silver, 97.30 ; copi>er, 80.82 ; iron, 37.43 ; zinc, 30.30 ; 
tin, 30.30; lead, 17.96 ; marbld^, 23.60; porcelain, 12.20; 
fire-brick, 11.40. The slow conducting power of such 
^bodies as porcelain, brick and glass, may be contrasted with 
the rapid conducting power of some of the metals by holding 
one end of a piece of each substance in a dame ; the metal will * 
soon become too hot for the hand, while the porcelain may 
be heated to redness in the flame without its being felt to 
];)e much warmer at the other end. A practical application 
of this property is also to be found in the materials of close 
.stoves for heating apartments; for while those in which the 
outer case consists of copper or iron receive their blat quickly 
and part with it quickly, those which are lined witjn brick 
and covered with porcelain receive their heat* slowly, and 
communicate it slowly to the air of the apartment* Much, 
however, depends ftn the thickness of the metal casing, for, by 
inereasiqg this, it will, of course, retain its heat longer. • 
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When a heated body cools under ordinary circumstanceit 
is by the united effects of radiation and conduction, and 
the rate of cooling increases considerably, in proportion as the 
temperature of the heated 4)ody is greater than that of the 
surrounding medium. We have seen that the cooling effect of 
radiation depends greatly on the nature of the surface ; but 
it is a remarkable fact, that the cooling effect of the airH[)y 
conduction, has no reference to the nature of the surfece ; if 
is the same on all substances, and in all states of the surface of 
those substances. The air, in contact with such surfaces, robs 
them of a portion of heat, and immediately ascends to make 
way for other portions of air, which repeat the process. By 
these two proces.scs the body cools down to the temperature of 
the surrounding air, the condjictive power of which varies 
with its ola.sticity, or barometric pressure ; the greater the 
pressure the greater also tlic cooling'power. It has also been 
shewn hv Duiong and Petit, that the ratio of heat, lost bv 
contact of the air alone, is constant at all temperatures ; that 
is, whatever i.'^ the ratio between 40" and is also the 
between ^0*’ and IGU", or between 100" and 200“ 

It was long suj)posed that a certain relation existed bet\ve< ii 
the radiating and conducting powers of heated bodies, that^ 
the variation between them was exactly proportional to tlie 
simple ratio of the excess of heat \ that is, supposing any 
quantity of heat to be given off in a certain time, at a specified 
difference of temperature, at double that difference twice the 
quantity of heat would be given olF in the same time. Thi'< 
law does, to a certain extent, apply where low temperatures* 
are concerned, but does not hold at high temperatures. Thus, 
in a set of experiments by Duiong and Petit, the total cooling 
at 60® and 120® (Centigrade), was found to be about as 3 to 7. 
at 60® aftd 180®, as 3 to 13 ; and at 60® and 240®, as 3 to 21 ; 
whereas, according to the old theory, these numbers wouK1 
have been as 3 to 6, 3 to 9, and 3 to 12. ^hen the excess of 
temperature of the heated body above the surrounding air 
'\i as high as 240® Cent, or 432® Fabr., the *i’eal velocity of 
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cooling is nearly double what it would have been by the old 
theory, varying, however, with the surface. 

Since the heat lost by contact of the air is the same for all 
bodies, wfiile those which radiate tnost, or are the worst con** 
ductors, give out more heat in the same time than those 
bodies which radiate least, or are good conductors, it might be 
supposed that those metals which are the worst conductors 
would he best adapted for vessels or pipes for wanning rooms 
by radiation. ** Such would be the case if the vessels were 
inf,nikly thin; but as this is not possible, the slow conducting 
power of the metal (iron) opposes an insuperable obstecle to 
the rapid cooling of any liquid contained within it, by prevent¬ 
ing the exterior surface from reaching so high a temperature 
as would that of a more perfectly conducting metal under 
similar circumstances ] thus preventing the loss of heat both 

I 

by contact of the air and 1)y radiation, the effect of Iwth being 
proportional to the excess of heat of the exterior surface of the 
heated body. If a leaden vessel were injinitdy thin, the liquid 
cont&ined in it would cool sooner than in a similar vessel of 
copper, brass, or iron; but the greater the thickneas of the 
metal, the more apparent becomes the deviation from this rule ; 
iuid as the vessels for containing water must always have some 
considerable thickness, those metals which are the worst 
conductors will oppose the greatest resistance to the cooling of 
the contained liquid.”— Hood. 

The reflective power of different substances for heat is 
inversely as their radiating power. If a surface of brass reflect 
100 parts of beat; a similar surface of silver will reflect 90 
parts; tin foil, 85; block tin, 80; steel, 70; lead, 60; tin foil, 
softened by mercury, 10; glass, 10 ; glass, coated vj^ih wax, 5. 

When similar substances are exposed to the same tempera¬ 
ture, they all become heated to the same degree, as measured 
by the thermometer, but if the temperatures of dissimilar 
substances have to, be raised to the same degree, the quantities 
of heat required for the purpose will be very different for 
different suhstanies. Thus, if we place side by side, upon a 
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hot plate, two equal and Bimilar Yessela, one containing a 
certain weight of water, and the other an equal weight of 
mercury, the mercury will soon become much hqjtter than the 
water. So also, on lowering the temjwrature of dissimilar 
substances to an equal degree, some will give out more and 
others less heat. Different bodies, therefore, display diferent 
degrees of susceptibility for receiving free heat within their 
molecules; this is called their capacity for heat, wd the 
quantity required to raise equal masses or equal weights 1", 
is termed their sjyecifc /leat. The theory of specific heat is of 
great importance in a practical point of view, for on it depend 
many of the calculations for ascertaining the proportions 
of the various kinds of apparatus employed in warming 
buildings. 

The specific heat of different substances can be ascertained 
by mixing together, with certain • precautions, ascertained 
quantities of the substances under consideration, when their 
mutual capacities for heat are determined by the decreaSe in 
the temperature of the hotter body, and by its increase in the 
cooler. Thus, if lib. of mercury at and 11b. of water at 
be mixed together, the^common temperature will be GD. 
The tenq)erature of the metal has, therefore, risen 30'*, while^ 
that of the water has fallen 1". If the mercury had been at 
C2“, and the water at 32", the common temperature of the 
‘ mixture would have been 33”. In this case the water would 
have gained 1" of temperature, and the mercury would have 
lost 30*'. Thus it appears that the capacity of water for 
heat exceeds that of mercury 30 times. If the ^vater he taken* 
as ^ unity, the specific heat of the mercury will be 
or 0.033. 

Again, ft* 11b. of iron filings at C8® be mixed with 11b. of 
water at 32® the temperature of the mixture will be 36*. 
That quantit}^ of beat, therefore, the loss of which lowers the 
temperathre of iron 32®, raises the temperature of water only 
80 * that eight times as much heat is required to raise or 
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depress the temperature of the water P, as would raise or 
depress the temperature of an equal weight of iron 1®. 
Hence the specific heat of iron is or 0.125. 

The capacity of substances for heat may also be found 
by observing the quantity of icc which the body under inves¬ 
tigation is capable of thawing. Thus, if equal weights of iron 
and load be operated on, it will be found that the iron requires 
a greater quantity of heat than the lead to j^ruducc the sam*- 
change of temperature, in the proportion of nearly 11 to 3. 
If a bar of iron, in falling from 100® to 95®, melt 11 grains 
of ice, then a bar of lead of equal weight, under similar cir' 
eumstance.*?, would melt rather leas than 3 grains; heat is, 
therefore, more effective in warming lead than iron. Again, 
an ounce of mercury and an, ounce of water, in fiiUing from 
00® to 55®, will melt quantities of ice, in the proportion of 
33 to 1000, or very nearly 1 to 30; that is, to raise water 
from 55® to CO®, requires a greater quantity of heat than t(» 
raise an equal weight of mercury through the same range of 
tomferature, in the proportion of 30 to 

* The quantity of ice mcUcti l>y <fitrcrcnt kinds of fuel, affords a 
couvenient method of estimatiug their relative values. Tluw it ha's 
heeii found that 

lib. of coal, of good quality, melts SOIbs. of ice, 



coke, „ 

9f 

84 lbs. „ 

« 


wood, „ 

tf 

321b.s. 


ff 

wood charcoal, 

99 

B.'dbfi. „ 



peat, 

99 

IDIbs. „ 



T)nc method of estimating how much of the heat of a common fire is 
radiated around it, and how much combines with the smoko, ia to 
allow all the radiant heat to melt a quantity of ice contained in a vessel 
surrounding the fire, and all the heat of the smoke to mfti the icc in 
another vessel surrounding the chimney. By comparing the tjvo quan¬ 
tities of water thus obtained with the quantities of icq melted, it will 
1)6 found, according to Dr. Amott, that the radiant portion of the heat 
is, in ordinary cases, yather less than the combined, or less than half the 
whole beat produced. 
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The specific heat of bodies has been determined not only 
for equal weights, but also for equal volumes, and this is called 
their relative heal, which is to the specific heat of any sub¬ 
stance directly as its specific gravity. It may be found by 
multiplying the specific heat into the specific gravity; and 
conversely, the specific heat may be found by dividing the 
relative heat by the specific gravity. Now as the quantit;^ of 
heat required to raise the temperature of lib. of water 1® 
is sulficieut to raise I lb. of mercury 30®, we say that the spe¬ 
cific heat of mercury is taking water as unity; and since 
the specific gravity of mercury is about 13.6, it follows 
that the relative heat of an equal volume of this metal is 
X 1.16 = 0.433. 

With respoct to gaseous bodies, it has been found that their 
specific heat is inversely as tiicir specific granty or density; 
and, consequently, equal weights of »uch gases contain a larger 
quantity of heat, less tlieir specific gravity, But as the 
relative weight.'i of equal volumes of gas arc inversely as*thDir 
.specific gravities, it follows that equal volumes of these^asee 
will liave eipial relative heat; that is, they will contain equal 
quantities of heat as the atmospheric air it.sclf. Thi.g, how¬ 
ever, refers to mi.vturcs of gfisc.s, for when they are chemically 
combined, they have a ditl'erent relative heat, which exceeds 
that of common air, .and each such gas has a distinct inde.x to 
express its relative heat, so that the qu.antity of heat contained 
in them exceeds that contained in an equal volume of atmos¬ 
pheric air. The capacity of atmospheric air is taken as the 
unit by which to estimate the specific heat of gaseous bodiesg 
but sometimes that of water is assumed as the unit, and then 
the capacities of gaso.s are comparable with those of 
solids an(i liquids. The latter values are obtained by mul- 
tiplyiiJg the former into 0.2665), which is the index of 
the specific*heat of atmospheric air compared with that of 
water. * 

The following table shews the specific Seat of various sub- 
'fltances referred to water as the standard, and are supposed to 
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represent the quantity of heat 

contained 

in equal 

weights 

the several substances 

:— 




Water .... 

1.0000 

Carbonic 

acid 

0.2210 

Aqueous vapour , 

0.8470 

Carbonic 

oxide , 

0.2884 

Alcohol . . . 

0.7000 

Charcoal 


0.2631 

Ether .... 

O.CGOO 

Sulphur 

• • • 

0.1850 

©il. 

0.5200 

Wrought 

iron . 

0.1100 

Air ► . . . . 

0.2609 

Mercurv 

• • • 

0.0330 

Hydrogen. . . 

3.29.16 

Platinum 

• » • 

0.0314 

Nitrogen . , . 

0.2754 

Gold . 

• • * 

0.0298 

Oxygen . . . 

0.2361 





It appears, however, that bodies do not |x>ssess the same 
d^pacity for heat at all temperatures, but tliat it increases with 
the temperature; the quantity' of heat g^iveu out by any sub¬ 
stance in cooling a given lyimber of degrees, is greater at higli 
temperatures than at low ones. 

TIm method of ascertaining the specific heat of gases is os 
follows:—The gas to be examined is well dried, and then 
brought from a vessel, surrounded with water at gra¬ 
dually through a spiral tube, suribunded by cold water, the 
gas escaping through the opposite end of the spiral. In the 
TSourse of its passage, the gas parts with a portion of its heat to 
the cold water which surrounds the spiral, and the temperature 
of the water gradually rises, until after some time it becomes sta¬ 
tionary. The equilibrium thus established between the water 
and the gas is measured by a thermometer, so as to hud both 
the rise in the temperature of the water, and the fall in that 
of the gas. If the experiment be made with some other gas, 
and the result should give a higher temperature to the water, 
then this second gas must have imparted to the fluid*.! greater 
amount of heat than the former one did; if, on the contrary, 
the temperature of water be less this time than before, it will 
have given out less heat, and the respective capacities for heat 
of these two gases Vrill be proportional to the temperatures of 
the watef through wliich they have been admitted. The* 
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capacity of atmospheric air being taken as the unit, the specific 
heat of other gases may be expressed by proportionate num¬ 
bers. To raise 11b. of water fi^m 32** to 212“, requires the 
same quantity of heat as will raise 41bs. of atmospheric air 
the same number of degrees. The specific heat of air is 
therefore \ or, more exactly, 0.2CG9 that of water, as stated iH 
the above tabic. 

When heat is added to a solid body, the first eflfect^which 
marks the increase of temperature is einpansion; that is, the 
cohesive or attractive force becomes more and more opposed by 
the repulsive force of heat; the particles are consequently 
separated to greater distances, and the temperature rises. At 
a certain point, however, the temperature, as marked by the 
thermometer, becomes stationary, and althou^ the heat be 
continually applied, the temperature does not rise. The solid 
is now undergoing a change of state; it is passing from the 
solid into the liquid state; and no rise in temperature will be 
observed until the whole of the solid has become liquid. ‘-The 
point at whirdi a body begins to fuse or melt, is called its 
fmimj point or point of lirpufaction, and is different in 
different substances. The ^quantity of heat absorbed by the 
body, and unaccounted for, os far as the thermometer is con¬ 
cerned, is called latent heat. When the body is liquefied, the^'* 
temperature again begins to ri.se, until another point is 
attained, when it again becomes stationary, and the liquid 
begins to pass off in the form of vapour or steam. This p6int 
is called the hailing point, and is different in different sub¬ 
stances. The heat absorbed during the process of boiling or, 
vaporization is also called latent. 

If, for example, a quantity of snow, at the temperature of 
zero, with a thermometer in it, be placed in a vessel on the fire, 
the tefhperature will be observed to rise to 32“; the snow 
will then immediately begin to be converted into water, and 
the thermometer will become stationary at 32“, until the 
whole of the snow is melted. This temperature is, therefore, 
the melting or fusing point of snow or ice, and the»heat ab- 
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sorbed or rendered latent during^ the proce&% being that which 
is necessary to produce liquefaction, is hence called also the 
haal of liquefaction^ and amounts to no loss than 140“ ; that 
is, although snow or ice may ba of the same temperature as 
water, yet the water actually contains 140“ of heat more tlian 
the solid snow or ice. As soon as the whole of the snow is 
mplted, the temperature of the vrater will begin to rise, and 
will continue to do so until it reaches 212“, when the btuling 
point of water is attained. While steam is rapidly escaping, 
the water remains at 212“ ; the heat which is absorbed, called 
the heat of vaporization, being that which is required to main* 
tain water in the state of vapour or steam, amounts to no 
less than 1000“ of temperature; that is, although water may 
be at 212®, and steam may be at 212®, yet the steam contoias 
a larger amount of heat than water, such as is represented by 
1000“ on the scale of the thermometer. 

In the following table the melting points of a few substances 
are^'jloted, together with the quantity of heat rendered Latent 
by eech in passing from the solid into the liciuid state. Fnun 
those, and other results, it may be seen that, in general, tin* 
higher the point of fusion, the grdbter will be the quantity of 
heat absorbed in liqucfiction. There i.s, however, no propor- 
"'lioii between these etfects, for icc and spermaceti melt at 32" 
and 112®, and yet the quantities of heat rendered latent are 
nearly the same. 



Melting Point 

Latent Heat. 

Water . . 

32“ . . 

. 140® 

Sulphur. . 

. . 213® . . 

. 143.7 

Spermaceti. 

. . 112® . . 

. 145 

Lead 

. . 012® . . 

. 102, 

Bees’ Wax . 

- . 150® . . 

. 175 

Zinc . . 

. . 773® . . 

. ip 

Tin . . 

. . 442® . . 

. 500 , 

Bismuth .. 

. . 476® . . 

550 


In the following table the boiling poists of a few substances' 








LATENT UEAT OP STEAM. 


41 


are given, together with the quantity of heat rendered latent 
by each in j)a<}siDg from the liquid into the aeriform state. 


Boiling Point. Latent Heat. 

Water . . . . . .’lO(K)« 

Alcohol (sp. gr. 0.7947) 173“ (barom. 29.5) 457 

Ether. 98“ ... . 312.9 

Oil of Turpentine . . 314“ .... 183.8 ^ 

Nitric Acid (sp.gr. 1.50) 210“ .... 550^ 

Ammonia. 865.9 

Vinegar.903 

Petroleum . . . •.183.8 


Wlicn water ia b<.)iling in an open vessel, the steam which 
escapes from it is of the same pressure and elasticity as the 
atmospheric air, and at 212“ is equivalent to 30 inches of 
mercury. In a close vessel, however, the temperature of the 
steam may be increased to any extent, and is only limited by 
the strength of the vessel containing it. Thus, at 212“.^e 
pressure of the steam is equal to one atmosphere, or lolhs. on 
every square iiicli of surface ; at 250“, the pressure ot the 
steam, lending to hurst the vessel containing it, is equal to two 
atmospheres, or .lOlbs, on the square inch; at 275“ the 
bursting prcs.surc is that of three atmospheres, or 451bs. on-’ 
the square inch, and .so on. But it is a remarkable fact, that 
at all temperatures and pressures, the steam contains exactly 
the same ab.solute quantity of heat; for while the temperature, 
as measured by the thermometer, increases almost indefinitely, 
the latent heat of higli-pre.ssure steam diminishes in exactly 
the same ratio, so that the sum of the latent and sensible heal* 
of steam always amounts to 1800“ above the freezing point of 
water. Thus a certain weight of steam at 212“, when 
condensed into water at 32®, gives out 180“ of sensible 
heat, and lOQO® of latent hcat=1180“; and the same weight 
of steam /it 400®, condensed into water at 32®, gives out 368® of 
sensible heat, and 812“ of latent heat 180“ The same 
^t may be observed with steam at all other temperatures. 
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These details respecting latent heat yrill enable the reader to 
compare the merits of the two systems of heating buildings by 
pipes filled with hot water, and by similar pipes filled with 
steam. • * e 

In the former ^tem, it is not desirable to raise the water 
to the boiling point (212"), because, in such case, steam would 
be^formed, and this escaping by the safety pipe, would abstract 
much u^ul heat from the apparatus. In the latter system, 
it is desirable to maintain the pipes at 212", because, at a lower 
temperature, the steam w'ould condense, and also aljsorb much 
useful heat from the apparatus. From the necessity of main¬ 
taining the temperature of 212" in steam pipes, it is endent 
that a given length of steam pipe will atford more heat than 
the same quantity of hot water pipe ; but the following re¬ 
marks by Mr. Hood, on the relative permanence of tempera¬ 
ture of the two methods, will shew an advantage in favour of 
the hot water system:— 

'"-The weight of steam, at the temperature of 212*, com¬ 
pare^ with the weight of water at 212", is about as 1 to 1694; 
so that a pipe which is filled with water at 212" contains 1694 
times as much matter os one of "equal size filled with steam. 
If the source of heat be withdrawn from the steam pipes, the 
■ tem{}erature ■will soon fall below 212", and the steam imme¬ 
diately in contact with the pipes will condense ; but in con¬ 
densing, the steam pai-ts with its hitent heat; and this heat, 
in passing from the latent to the sensible state, will again 
raise the temperature of the pipes. But as soon as they are 
,a second time cooled down below 212", a further portion of 
steam wdl condense, and a further quantity of latent heat 
will pass into the state of heat of temperature; and so on, 
until the whole quantity of latent heat has been dostracted, 
and the whole of the steam condensed, in which state it will 
possess just as much heating power as a similar bhlk of water 
at the like temperature; that is, the same as a quantity of water 
occupying space which the steam originally 

did. . 
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'‘The Rpeeific heat of uncondensed steam, compared with 
water, is for equal weights as .8470 to 1; but the latent heat 
of steam being estimated at 1000*’, we shall find that the 
relatiye heat obtainable from equal weights of’ condensed 
steam and of water, reducing both from the temperature of 
212“ to 60“, to be as 7.425 to 1 ; but for equal bulks, it wffl 
be as 1 to 228, that is, bulk for bulk, water will give out 
228 times as much heat as steam, on reducing both from the 
temperature of 212“ to 60“. A given bulk of steam will, 
therefore, lose as much of its heat in one minute, as the smne 
bulk of water will lose in three hours and three quarters.” 

But when the water and the steam are both contained in 
iron pipes of the same dimensions, the rate of cooling will 
differ from this ratio, in consequence of the greaiter quanti^ 
of heat contained in the metal than in the steam. The spe¬ 
cific heat of iron being nearly the same as that of water, the 
pijMj filled with water will contain 4.G8 times as much heat as 
that which is filled with steam ; and if the latter cools down 
to G0“ in one hour, the other will require about four hours <md 
a half to do the same. There are other circumstances to be 
noticed hereafter, which cihse the hot water apparatus to be 
six or eight times (instead of 4 more efficient as a source of 
warmth than steam. 

The process of boiling is by no means indispensable to the 
formation and escape of steam or vapour; for at all tem- 
jMiratures below the boiling point, vapour is formed at the sur¬ 
face of liquids, and escapes therefrom by a process called 
8])onianeou8 evaporation. The difference between this process. 
and ebullition is chiefiy this;—when a liquid boils, the vapour 
which escapes therefrom constantly maintains the same tem¬ 
perature, provided the pressure remain the same; but evapo- 
tion may go on at all temperatures and pressures, the quantity 
of liquid evjil)orated depending on the temperature and the 
amount of surface exposed ; or the pressure may be increased 
or diihinished, or removed altogether, without affecting the 
fesult, or that quantity of vapour which can exist in, a given 
space at a given temperature; the saturation of that space 



r 


44 SPONTANEOUS EVAPORATION. 

requiring a longer, time in proportion to the density of the 
air contained in it, while in a vacuum the saturation is instan¬ 
taneous ; this is the only ditference. 

We have* seen that the pressure or elasticity of vapour at 
212** is sufficient to support a column of mercuiy 30 inches 
high; the force of vapour at lower temperatures is also 
measured by the length of the mercurial column which it will 
Bupport. Vapour at 200** will support 23. G4 inches of mer¬ 
cury ; at 150", 7.42 inches; at 100", 1.86 inches; at 80", 
1 inch; at CO", .524 inch; at 50, .375 inch; at 32", .2 inch, 

The amount of evaporation, however, is greatly influenced 
by the motion of the air which carries otf the vai)our from the 
surface of a liquid as fast as it is formed. A strong wind 
will cause twice as much vapour to bo discharged as a still at¬ 
mosphere. Dalton ascertained the number of grain-s weight 
of water evaporated pep minute from a vessel, 6 inches in 
diameter, for all temperatures between 20" and 212", when 
air was still, or in gentle or brisk motion. When the 
wa^r was at 212", the quantity evaporated was 120 grains per 
minute in a still atmo.sphere ; 154 grains per minute with a 
gentle motion of the air, and 1&9 graius per minute virith a 
brisk motion of the air. The following i.s an extract from his 
table between the tempcrature.s of 40'* and GO":— 


Temp. Foreeofvapoerin Evaporating force in grains 

Fahr. inchea of mercurt'- of water. 

Still. Ocntlu, Ilrisk. 


40" . 

0.263 . 

1.05 

1.35 

1.65 

42" . 

.283 . 

1.13 

1.45 

1.78 

44'* . 

.305 . 

1.22 

1.57 

1.92 

46" . 

.327 . 

1.3b 

1.68 

2.06 

48" . 

.351 

1.40 

1.80 

. . 2.20 

50" . 

.375 . 

1.50 

1.92 

J.36 

52" . 

.401 . 

1.60 

2.06 

. 2.51 

54" . 

.429 . 

1.71 

2.20 

. .2.69 

56" . 

.458 . 

1.83 

2.35 

2.88 

58" . 

.490 . 

1.9G 

21)2 

3.08 

60“ 

.524 . 

2.10 

2.70 

3.30 
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The amount of spontaneous evaporation is also greatly 
influenced by the quantity of vapour already existing in the 
air. In order to find this, we must ascertain the deu) •poiid of 
the air, or the temperature al which the vapour in the air 
begins to condense, and then, by referring to the table, the 
quantity of vapour in tlie air at the time can be found, and 
tills, deducted from the quantity shewn by the table to be 
given otf at the ascertained temperature of the evaporating 
liquid, will give tlie quantity f»f water that will be evaporated 
per minute. In finding the dew point, wo must bring some 
colder body into the air, or have the means of cooling some 
body to such a point as shall just condense the vapour of the 
air upon its surface. Dr. Dalton used a very thin glass vessel, 

into which he poured cold water from a well, or cooled down 

• 

the water by adding a small portion of a freezing mixture. 
If the vapour was instantly condeneed, he poured out the 
cold water and used some a little warmer, and so on, until 
he could jiLst perceive a slight dew upon the surface, lui 
temperature at which this took place was the dew point. j*In 
Daniell's hygrometer, the cold is produced by the evaporation 
of ether. Now su])pose the ”Qew point of the air to be 40®, and 
the temperature of the air and of the evaporating liquid to 
be GO", with a still atmosphere, the vapour in the air, as 
shewn by the table at 40", is 1.05 grains, which subtracted 
* from that at GO", or 2.10, gives 1.5 grains per minute as the 
quantity of vapour given otf from a surface six inches in 
diameter. 

During the spontaneous evaporation of wet surfaceB, a . 
considerable degree of cold is produced by the quantity of 
heat rendered latent by the formation of the vapour, and the 
heat is mostly derived from the liquid itself, or the surfaoe 
containing it. By proper contrivances, water may be frozen, 
in consequenbe of the abstraction of heat during the rapid 
formatiod of vapour. When a person takes cold from wearily 
wet clothes, the vapour from the wet clothes obtains its heat 
from his body, and the chilling sensation is often the.greater 
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the warmer the air. A person with damp clothes, entering a 
room filled with hot dry air, is very likely to take cold, on 
account of the powerful effect of warm air in abstracting 
moisture. • 

In a badly rentilated room, the moisture froip the breath of 
the inmates, and from the combustion of lamps and candles, 
aqpumulates nearly to the point of saturation. This is well 
shew^^ by an experiment of the late Professor DanielL The 
temperature of a room being 45", the dew point was 39"; 
a fire was then lighted in it, the door and window shut, and 
no air was allowed to enter; the thermometer rose to 55", but 
the point of condensation remained the same. A party of 
eight persons afterwards occupied the room for several hours, 
and the fire was kept up; the temperature rose to 58", and 
the point of condensation rose to 52". Now, if this room had 
been properly ventilated,, the vapour would have been removed 
as it was formed, and M’ith it the effluvia and impure air. 



PART I. 


CHAPTER I. 

ON THE METHODS OF WARMING HOUSES BY MEANS OF OPEN 

FIRE PLACES, ETC., BEFORE AND AFTER THE INTRODUCTION OP 

CHIMNEYS. 

Some useful and * instructive results are obtained from the in¬ 
quiry, how far the physical structure and mental character of 
classes of persons arc influenced by*the comparative scarcity 
and abundance of some of the prime necessaries of life. Ac¬ 
cording to some writers, the unequal distribution of solar heat 
over the earth, is the cause of marked differences in national 
character ; others refer tho, distinctive effects to the quality 
of the air they breathe. According to Arbuthnot, air not 
only fashions the body and the mind, but has also had 
great influence in forming language. He imagines that the 
close serrated method of speaking among northern nations, 
was owing to their reluctance to open their mouths widely in 
cold air, whence their speech abounds in consonants. So, on 
the contrary, the natives of hot climates opening their mouths 
wider, formed a softer language, and one abounding in vowels. 
The Greeks, inhaling air of a fine temperate region, spoke 
with opei. mouth, and toned their voice to sweet sonorous 
accents,,^ 

But if such views as these be regarded as fimciful, there is, 
however,, much truth in the proposition, that the ease or 
difficulty with which fuel is procurable, haf a great effect in 
promoting or interferipg with the health and personal com- 
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forts of nations; and that these, by a reflex action, contribute 
much to the formation of character. It has been remarked, 
that formerly the county of Buckingham being overgrown 
with wood, it was thought noces.'!iary to clear it away, on 
account of the refuge it afforded to the numerous robbers who 
infested the dL=<trict. The people being thus deprived of 
fiisl, became in the course of time stunted in growth and 
dulled ill intelligence ; until, by the extension of inland navi¬ 
gation, fuel became cheap, and then the inhabitants began to 
improve. In the county of Lancaster, on the contrary, the 
great abundance and cheapness of fuel are extremely favour¬ 
able to health and comfort, and hence, according to Sir Gilbert 
Blane, the Lancasterians?, especially the females, have become 
noted for their well-formed persons and handsome faces. In 
Yorkshire, and other parts of Kngland where fuel is abundant, 
the people are generally well-grown, healthy, and iutelligcnt, 
and their average height is said to exceed that of the in¬ 
habitants of other parts of England where fuel is scarce. The 
Noihvegians arc generally well lodged, each house being 
furnished with glass windows, and an iron kakle or stove, and 
on this account they are a better grown race than the North- 
Western Highlanders of Scotland, who procure their fuel 
with difficulty, and consume it in a rude and unthrifty manner. 
In France, where fuel is very scarce, the average height of a ^ 
man does not exceed 5 feet 4 inches; in the Netherlands 
where fuel is more abundant, the average height is 5 fqiifc 6-^ 
inches; and in England, where fuel is cheap and abundant, 

‘ the average height is upwards of 5 feet 9 inches; in Sweden, 
where wood is as abundant as our coal, the peasants are tall, 
vigorous men, notwithstanding their uncleanly habits and 
ilie rigour of the climate. 

The comparative scarcity or abundance of fuel tvill, of 
course, greatly determine the method of creating an artificial 
climate within doors. In some parts of China, where ftiel is 
scarce, the people secure themselves from the cold of winter 
by Wftrin clothing, and this is probably a safer method even 
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thaii our own, because with them* the defence is constant and 
uniform, while our in-door clothing is thin, and we rely for 
warmth upon an atmosphere heated to the temperature of 
summer. If the person be well clothed, the colclest* atmos¬ 
phere can be breathed with safety, and its effect is often 
highly exhilarating, as in skating on the ice or in walking 
briskly. We often enjoy the warmth of a bed while breathi^ 
an atmosphere cold enough to freeze the water in the ^wer. 
Hence it is better, as Dr. Amott remarks, to clothe so as 
to feel comfortably warm in a room heated to GO®, or 62®, as a 
steady temperature, which it would not be dangerous to enter 
or to leave, than to dress lightly in a room heated by a common 
fire to 7(»®, or more, and which is liable to sink to 50®, or less. 

In Normandy, whore the cold of winter is severe, and fuel 
expensive, the lace-makers, in order to keep themselves warm, 
and at the same time to .save fuel, {\gree with some farmer, 
who has cows in winter quarters, to rent the close sheds. The 
cows are tethered in a row on one side of the shed, and th^P 
lace-makers sit croas-legged on the ground on the other side, 
with their feet buried in straw. The cattle, being out in the 
fields by day, the poor woinSn work all night for the sake of 
the steaming warmth arising from the animals. 

The Laplander, during eight months of the year, inhabits a 
little hut with a small hole in the centre of the roof for the 
*admi&3ion of light and the escape of smoke, and obtains heat 
from a smoky lamp of putrid oil, as the Esquimaux does in 
his huf of snow. The effect of this arrangement is, that the 
whole nation of Laplanders are afflicted with blear eyes. The 
Greenlander, indeed, builds a larger hut, and contrives it 
better, but it is often occupied by half a dozen families, each 
having a Ikmp for warmth and for cooking, and tile effect of 
this arramgement, says Egede, is to create such a smell, that 
it strikes one*not accustomed to it to the very heart.” ,We 
fear that tf similar effect would be produced on any one of our 
readers; were he to enter the huts of some bf the Irish and 
Scottish peasantry. * • 
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The method of obtaining warmth in Persia, is scarcely ao 
improvement on the smokv lamp of the Laplanders and Green¬ 
landers. A large jar, called a kourcy, is sunk in the earthera 
floor, geserafiy in the middle of the room. Tliis is filled with 
wood, dung, or other combustible; and when it is sufficiently 
charred, the mouth of the vessel is shut in with a square 
wooden frame, shaped like a low table, and the whole is then 
covered with a thick wadded quilt, under which the family, 
range(i around, place their knees to allow the hot vapour to 
insinuate itself into the folds of their clothing ; or when they 
desire more w'aniith, they recline with the quilt drawn up to 
their chins. The immoveable position necessary for receiving 
the full benefit of the glowing embers is inconvenient; and 
Uie effluvia from the fuel is nauseous and deleterious. Head¬ 
ache is always produced, and, from the number who sIcHjp 
entirely under the quilt^at night, suffocation is not an un¬ 
common accident. The kourcy also serves for an oven, and 
tWpot is boiled on its embers.. This rude and unwholesome 
method is adopted in the noblest mansions of the cities, aa 
well as in the dwellings of the poorer classes; only, in the 
former, a more agreeable fuel is burnt, and the ladies sit from 
morning till night uuder rich draperies spread over the wooden 
cover, endeavouring to overcome the soporific influence of the 
foul air by occasional cups of coffee, or the delightful fumes of 
the kalioum. 

The burning of fuel in the midst of an apartment, is by no 
means confined to nations w^hom we are in the habit of Sailing 
^barbarous and uncivilised. In SeviUe and other parts of Spain, 
preparations for winter are made about the middle of October. 
The lower summer apartments are stripped of their furniture, 
and the chiirs and tables are removed to other rooms on the 
opposite side of the court. The brick floors are covered with 
tldcker mats than those used in the warm season. A flat and 
open brass pan, about two feet in diameter, raised a few inches 
from the ground' by a round wooden frame, on which those 
who Ga1( near it may rest their feet, is used to bum a sort ef 
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tharcoal, made of brushwood, called cisco. The carbonic acid 
vapour is most injurious to health ; but such is the effect of 
habit, that the natives are seldom aware of the inconveniences 
(uriaing from the stifling ftimes bf their braziers. 

The charcoal brazier is a very ancient method of warming 
apartment; the Greeks and other nations commonly used 
it, and sought to correct the deleterious nature of the fumes, 
by burning costly odorous gums, spices, and woods. • 

The braziers of the Romans were elegant bronze tripods, 
3upi)orted by satyrs and sphinxes, with a round dish above for 
the fire, and a small vase below to hold perfumes. A kind of 
dose stove was also used ; but, in either cose, the smoke was so 
jonsidcrable, that the winter rooms were differently furnished 
from those appropriated to summer use. The former had 
plain cornices and no carved work or mouldings, so that the 
soot might be easily cleared away. In order to prevent the 
wood from smoking, the bark was peeled off, and the wood 
kept long in water, and then dried and anointed with oil. It” 
is not, however, evident how this plan should prevent the 
smoke of the burning fuel. 

The great convenience of*the brazier, and the apparent 
cleanliness of the fuel, arc arguments in favour of its continued 
use even in our oVn day. A visitor to some of our beautiful 
cathedrals in A’intcr, during the time of divine service, Salis¬ 
bury Cathcdnil for example, will be astonished to see on the 
floor of the choir two or three enormous braziers full of live 
charcoal; a peculiar odour arises from them, and pervades the 
building; a pleasing sensation creeps over the whole frame* 
and the tendency to sleep is often irresistible; persons troubled 
with cough cease to cough, and an unusual effort is required 
when the service is over to rise and quit the buildihg. The 
enormous ISize of the enclosure prevents any fatal effects from 
the abundant Ivolution of carbonic acid, nor have we ever 
heard of any well-authenticated case of injury to any one; but 
a very little consideration will shew that, in tf smaller space, 
suoo as a room, this prilaitive method of obtaining warmth 

D 2 
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might lead to dangerous consequences. A single pound weight 
of charcoal consumes in burning 2T^olbs. weight of oxygen, 
which is the quantity contained in between 13 and 141bs. 
weight of atmospheric air. Now, a good-sized room, 20 feet 
by 13 feet, and 10 feet high, does not contain more than about 
200 pounds weight of air, i^d as the combustion of one pound 
of, charcoal produces 3-,<^lbs. of carbonic acid, which, by min- 
gUng^with the rest of the air of the apartment, renders, at 
least, SGiba weight of air unfit for respiration, making in all 
about dOlbs. weight of air, it follows that, in such a room, the 
air will require, for healthy respiration, to be renewed many 
times an hour. 

The fatal effects of the charcoal brazier, in a close room, are 
too frequently illustrated in the deaths of suicides, as recorded 
in our newspapers. At the time we are writing, a picture 
dealer, near Hanover Sqjiare, has just availed himself of this 
fatal instrument. But, perhaps, the most remarkable case of 
tvelf-destruction in this way, is that of the promising son of 
Beithollet, the celebrated chemist, for the fatal act was con¬ 
ducted with all the method and precision of a scientific 
experiment. This young man became affected with great 
mental depression, which rendered his life insupportable to 
hiuL Retiring to a small room, he locked the door, closed 
up eveiy cliink and crevice which might adnfit fresh air, 
carried writing materials to a table, on which he placed a 
seconds' watch, and then seated himself before it. He now 
marked the precise hour, and lighted a brazier of charcoal before 
^ hihi. He continued to note down the series of sensations he 
then experienced in succession, detailing the approach and 
rapid progress of delirimu, imtil, as time went on, the writing 
became larger and larger, more and more confiis^, and at 
length iRegible, and the young victim fell dead upon the floor. 

In many trades, the workmen are habitually ’exposed to the 
Runes of burning charcoal:—bookbindean, engravers,''oooh% die., 
suffer much in h^th from this cause; and it is rare to find that 
any JSi^ans are taken to ventilate the places in which they work; 
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In addition to the brazier, the ancient Romans vere ac¬ 
quainted with flues for wanning rooma and buildings; but 
as these were costly contrivances, their use was confined to the 
wealthy. These flues, forming what was called the hypo- 
caudum, were conducted below the floor of the room intended 
to be warmed. The hypocausts were of two kinds—the 
first, constructed with flues running under the floor, q^id 
heated from a fire-place on the outside of the building^ and 
the second kind formed like a low chamber, having its ceiling 
siijjported by small pillars or by dwarf walls, and sometimes 
with flues leading from them to other apartments. The hypo- 
caust discovered at Lincoln, of which figures 2 and 3 are a 
ground plan and a section, will explain this construction. 



This hypocaust was 24| feet long and 9^ feet wide; it con¬ 
tained four rows of brick pillars, aa, cc, two of which were 
square and two circular. The square pillars, a a, were 8 inches 
on the siSle and about 9 inches apart; the circular ones, c c, 
were 11 inches in diameter. Each pillar rested on a brick or 
tile for its basd^ and another tile formed its capital; thus making 
its height,•which was that of the heating chamber, about 26 
inches. * The ceiling of the hypocaust was •formed of large 
bricks; on them were placed courses of tiles, bedded in 
mortar, and on them a layer of stucco, to form the floor of the 
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room sr to be heated; the entire thickness of the floor being 
about 10 inches. The fire-hearth was at t; and the flame and 
smoke pa^d through the arched cavity or throat of the 
fiinuu:^/into the hypocaust. Two flues, m «, opened into the 
hypocaust; the flue to, which probably conducted the smoke 
and hot air under some other apartment, was about G inches 
high and 14 inches inside j its bottom was raised about 2 
incUfis above the floor of the hypocaust. The flue n was about 
6 inches square, and placed as much under as above the floor 
of the hypocaust; this seems to have been a smoke flue. The 
position given to these flues was probably intended to retain 
at all times the hottest portion of the vapour in contact with 
the ceiling of the hypocaust. The floor of the pnefumium 
was 18 inches under the level of the floor of the hypocaust. 
The Large apace provided for the combustion of the fuel and 
the entrance of air, was necessary for conveying a heated 
current through the flues, as the Romans were unacquainted 
%uth the method of procuring a draught by the xise of a 
chtmncy. Some approach, however, appears to have been 
made towards the invention of a chimn#^ for Vitruvius, in 
describing the construction of the hypocaust for heating the 
caldaritm or sweating room of a bath, directs that the 
floor be made inclining, so that a ball placed on any part of it 
would roll towards the fire-place, by which means the heat 
would be more equally diffused in the sweating chamber. ' 
The hypocaustrum is well known to the Chinese, and is in 
common use about Pekin, where the winter climate is very 
severe. The houses of the better class are built with double 
walls and with hollow flues extending beneath the floors. The 
fire-place is constructed either against the exterior wail of the 
apartment to be heated, or in an inferior room adjoining j by 
which means the annoyance from dust and smoke am avoided, 
as well as the inconvenience of servants entering the room to 
attend to the fire. From tho fire chamber prooeieds a main 
flue, which is connected with the horiwntal Jue, a h, (Fig. 4). 
From«this another flue, c d, proceeds at right angles to about 
three fourths of the extent of the room; these flues are per- 
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forated with holes at proper distances, in order to g^ve out 
Fig. 4. the smoke and heated air equally 

oyer the whole area of the floor¬ 
ing. Two horizontal flUes are 
built in or attached to the side 
walls, as at / ^, in order to cany 
off the smoke into the external 
air. The flooring of the apartment 
consists of flat tiles or flagstones, 
neatly cm bed clod in cement, so as to prevent the escape of the 
smoke or heated air from the flues beneath into the room; 
these stones or paving tiles, resting on blocks of stone or bricks, 
may be of siny thickness required for the extent of the air 
flues which are employed. By this contrivance, the beat, 
coming in contact with every part of the floor, is uniformly 
rliffused over the apartment. The floors, also, being very im¬ 
perfect conductors of heat, being once sufficiently heated by 
the flues, and the apertures of the main flues outside bein/ 
slopped, retain a sufficient heat for domestic comfort durfng 
many hours. Thc^aving tiles of the rooms are often made of 
ornamental porcelain ware ?>f considerable thickness. Even 
Uie benches and sleeping places arc warmed by this contrivance. 
These are built hollow, with bricks, in the form of a square 
bench or oblong bed, and communicating with the flues, or 
* having their own separate flue, are thus heated. Those who 
dislike lying on the hot bricks, or on the felt mat that is 
spread over them, suspend from the ceiling over the heated 
bendi a kind of hammock, made of coarse cloth j and thus they 
enjoy warmth and repose. In the morning, the bed places 
are covered with carpets and mats, on which the inmates sit. 

The ingenious economy of the Chinese (from which we might 
often borrow a useful lesson), prevents the flues from becoming 
choked by adbi. Instead of employing pit coal of good 
quality, tUby make use of the inferior or small refuse coal for 
this purpose,* and mix it with a compost of ^lay, earth, cow- 

* It is worthy of reproachful remark, that during many yiftts the 
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dung, or any refuse vegetable matter; and then form it into 
ballS) which are dried in the sun or open air. This method 
is not adopted on account of any scarcity of fuel, for coal is 
abundant in*China; hut the Chinese, unlike the English, know 
how to take care of it. They find that their fire-balls, during 
combustion, give out very little smoke; and they are laigely 
manufiictured in the coal districts, and distributed by canal 
carriage over a large portion of the empire. 

In' the inferior class of houses, instead of having the fire out¬ 
side the house or room to be heated, it is built in the comer of 
the dwelling room. A pit is dug fot the body of the fire 
chamber and draught-hole; and the top, or head of the stove, 
is used for the difierent operations of cooking. 

That no portion of heat may be lost, or escape into the room 
directly from the fire, beyond what is necessary to maintain a 
■ given temperature, vessels of water are placed on the head of 
the stove, and thus the heat, which would otherwise be lost, 
is absorbed^ and economised; while it affords, by its evaporation, 
the^ necessary supply of moisture to preserve the atmosphere of 
the room in a healthy condition as‘to moisture. 

The Chinese call a stove whiah is hea^d l^y ^ furnace, a 
kang ; the ti-kang is a furnace of which the flue runs under the 
floor or pavement of a room; and the kao-kang is that used for 
h^ing benches and beds. There is yet a third variety, the 
tong-kangt irhleh is formed in the wall, and this differs from the 
ti-kang only in being perpendicular instead of horizontal In 
the Umg-hmgy the heating flue is carried along the floor, with 
openings from it, at which the heated air and smoke ascends 
into the spaces of a hollow wall. A tong-hang was erected by 
Sir William Chambers, in 1761, for heating the orangeiy at 
Kew Palace. In imitation of the Chinese method,<he intro¬ 
duced heated air through an air pipe or flue in cont|K!t with 

coal owners of the north of England bomt to waste their small r wfiise 
ood at the mouth of the pit. A million tons a year have thof^ been 
wantonly destroyed'; it is now, however, used for manufacturing)' eoke 
for thpeuse of our locomotive engines. * ^ 
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the heating flues. In Fig 5, the flue from the 
furnace is shewn at a, the tmg-Jcang flues at c, and 
the hot-air flue at e. 

It is scarcely possible to improre upon these re¬ 
finements of the Chinese, except by the introduction 
of the chimney, the origin of which has been the 
subject of much learned discussion. The tong-king, 
or perpendicular flue, is in effect a chinm<^, and 
doubtless acts as such. Before the introduction of this 
important addition to domestic comfort, about the 
fourteenth century, the houses, even of the wealthy, 
must have been wretched abodes, at least according to modem 
ideas of comfort. “The spacious lofty hall, left open to the roof, 
had its windows placed high from the floor, and filled with oiled 
linen or louver boards, or occasionally with painted glass. Its 
clumsy unframed doors were opened by latches; and wben the 
walls were not coarsely painted in the fashion of the time, 
they were left rough, and covered with arras, suspended b^ 
hooks, at a distance of three or four inches from the wall. 
The floor, of stone or earth, had a part at one end raised a 
little above the general lev^l, and laid with planks. On this 
platform or dais stood a massive table and ponderous benches 
or forms, and a high-backed seat for the master, under a 
^ canopy. On the hearth, in the middle of the hall, were placed 
the andirons for supporting the ends of the brands, that 
were arranged by means of a heavy two-pronged fork, the type 
and predecessor of the modem poker. On the roof, over the 
hearth, was a turret or louver, filled with boards, so arfapged , 
as to exclude rain and wind, and permit the escape of smoke; 
and this^waa 8ometimes.an object of considerable architectural 
beauty in the external aspect of the building.” In modern halls, 
the loufer is still retained as an architectural feature, although 
the uses for its erection have happily long ceased to exist. 

“ la this gaunt and aguish apartment, heated by a single 
fire, the company were in a position not milch diflPerent from 
what they would be in*the open air; not a particle ofJbeated 
air could add to their comfort,* for, as fast as produced, it 
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esci^ed through the louver: light was the only solace the 
greater number could derive from the blazing fuel; and the 
few who were in a situation to feel the radiant heat, were in¬ 
commoded by the current of cold air sweeping like a hurri* 
cane along the floor towards the fire. From the height of 
the louver, and low temperature of the smoke, few of the 
bu^ant flakes of charcoal found their way into the atmos¬ 
phere,^ and the larger the bonfire, the thicker was the layer of 
soot deposited on each individual Boisterous weather also 
brought its annoyance. Had the fire been made in an open field, 
they might have moved to the windward of the smoke; but 
in the hall, where could they flee from its miseries?”* 

The houses of small landholders and farmers were generally 
ne story high, and if of two stories, the roof was so deep, as to 
shut out the light from the* upper rooms. The hall and 
*kitcheli formed one apartment, which was open to the timbers 
of the roof, and, in some cases, was furnished with a louver 
•nd a window, that could be closed with a shutter. When 
the^ houses had a separate sleeping apartment, old and young 
occupied it, and several reposed in one bed. Servants .slept on 
the kitchen floor. Cottages had ilfeither louver nor loupe, and 
the inmates slept round the fire. 

The strongholds which were built about the time of the 
conquest, were several stories in height, and their roofs being 
used as a terrace for defence, the central hearth and louVer 
were impracticable. The necessity of providing some exit for 
the smoke seems to have stimulated invention, and, accordingly, 
we find the germs of the modem fire-place and chimney in 
one of these strongholds. In the great guard-room of Conis- 

borough Castle, erected in or near the Anglo-Saxon period, is 

« ’ c 

* On the History and Art of Warming and Ventilating cuut 

Buildings, &c., by Walter Beman, Civil Engineer. 2^volfl. London, 
184&. ^Ve take this opportunity of acknowledging our obligations to 
these useful and instructive essays, in which the writer has* collected a 
large store of matefials on the suhjeot of wanning add ventilation, and 
the “ progress of personal and fire-side comfort.” To any one who de¬ 
sires to study the subject in deta^, these volumes will prove acceptable. 
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a large fire-hearth. The maatel is supported by a wide arch, 
with two transom stones ninuing under it ; the back of the 
fire>placc, where it joins the hearth, is in a line with the walls 
of the room, and the receis at the mwtel is formed by the 
back of the fire-place sloping outwards, as it rises into the 
thickness of the wall, until it reaches a loop-hole on the out¬ 
side, where the smoke finds an exit Fig. 6 is an elevation 
and section of this fire-place, in which 
A is tlie floor of the room, e the man¬ 
tel, and c the loop-hole. 

In other castles erected about the 
same period, the hearth was formed 
in the thickness of the wall, and the 
conical smoke tunnel ended in a loop¬ 



hole, as at Conisborough Castle. 


Fig. 7 is another elevation 

o 



and section of these an¬ 
cient contrivances for 
carrying off the smoke. 
It is from Rochester’ 
Castle. In the old 
palace at Caen, which 
was inhabited by the 
conqueror wliile he was 
Duke of Normandy, 
the^rcat guard cham¬ 
ber contains two spa¬ 
cious recessed firt- 
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hearths in the north wall, still in good preserration, from 
which the snoke was carried away in the same manner as in 
tlm ahoye examples. 

The transition from these cdnirivances to the common 
chimney would seem to be eai^; but history has fiuled to 
record the inventor, or to define the place where the chimney 
was first used. Chimneys seem to have been common at 
Venice before the middle of the fourteenth century. An iu' 
scription over the gate of the school of Santa Maria della 
Carita states, that in 1347, a great many chimnejrs were 
thrown down by an earthquake, a fact which is confirmed by 
John Villani, who refers the event to the evening of the 
2fith of jmiuary. Chimneys had abo been in use at Padua 
before 13G8, for in that year Galeaao Gataro relates, that 
Francisco da Carraro, lord of Padua, came to Rome, and find¬ 
ing no chimneys in the ^n where he lodged, because at that 
time fire was kindled in a hole in the middle of the floor, he 
eaused two chimneys, like those that had been long used in 
Pad^ia, to be constructed by the work-people he had brought 
with him. ^Over these chimneys, the first ever seen in Rome, 
he affixed his arms, which were‘’remaining in the time of 
Gataro. Win wall House, in Norfolk, which has been described 
as the most ancient and perfect specimen of Norman do¬ 
mestic architecture in the kingdom, has not only recessed 
hearths, but flues rising from them, carried up in the external 
and internal walls. Now, if Winwall House really be an 
Anglo-Norman edifice, its chimneys must have been built in 
^ the twelfth centuiy, and, consequently, the claim of the 
Italians to the invention cannot be supported. The chimneys 
at Kenilworth and Conway were also probably erected anterior 
to the date of those on which the Italians rest their claim. 
Leland, also, in his account of Bolton Castle, which he says 
was ^‘finiched or Kynge Richard the 2 dyed,’’ notices the 
chimneys. " One thynge I muche notyd in the hawle of 
'Bolton, how chimeneys were conveyed by tunnells made on 
the sy^ of the walls betwyxt the lights in the hawle, and by 
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this ZQSMis, and by no corers, is the smoke of the harthe in 
the hawle wonder strangely conveyed.” 

It is not our duty to trace the ftirther history of the 
chimney, nor to notice thd*methods*by which Ihe nhixnney 
shaft became so prominent and b^utiful a feature in buildings 
durii^ the reigns of the Tudors. It is sufficient to remark^ 
that when once introduced in England, the merits of chinmeys 
were soon appreciated, for we find it stated, that in the^reign 
of Queen Elizabeth, apologies were made to visitors if they 
could not be accommodated with rooms provided with chim¬ 
neys, and ladies were frequently sent out to other houses, 
where they could have the enjoyment of this luxury, for such 
it must be called at this period, when the poorer class of 
houses was not yet furnished with it. 

Wood was the ordinary fuel ’till the seventeenth century, 
and this was burnt on the capacious hearth, the logs being 

rig. 8. 



confined within the two standards (Fig. 8) of the andiron, their 
ends resting on the billet bar, for the purpose of admitting the 
air below them, and thus promoting combustion. For the 
large kitchen fire, the standards and billet bars were very 
strong aSid massive, but usually quite plain. In the hall, that 
ancient seat oT hospitality, they were also strong and massive, 
to suppoil; the weight of the hUge logs; but the standards 
were kept bright, or ornamented with bdtte rings, knobs, 
rdlsetteB, heads and feet of animals, and various grotesque 
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forms. In kitchens, and in the rooms of common houses, the 
andiron, as its name implies, was of iron; but in the hall, the 
standards were of copper or brass, and sometimes of silyer. 
The spacious receptacle was fumikhed with scats on each side 
of the hearth, and the snug chimney comer was the post of 
honour. When the whole family assembled to enjoy a leisure • 
hour, it was round the hearth that they sat; with it was 
associated their ideas of domestic comfort and conviviality, 
and the word hearth became synonymous with Junne. In some 
of our ruial districts, the custom is .still retained of the whole 
family sitting under the capacious chimney-breast, and it is an 
honoured custom which we hope may long continue to exist. 

In smaller rooms, where the fire was made in a wide and 
deep recess, each standard was fixed into the back of the 
hearth by a lateral bar. Thus in Figs. 9, 10, and 11, which 

9, lu, 11. 



* 


represent the adSirons in the hall at Vicars Close, Wells, 
will bw seen the standards, the billet bar, and the reredoa dr 
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hob| which in deep recesses brings fire now into the room. 
When the hearth was of moderate the andiron was 
moveable.* 

So long as wood existed ih abundance, coal was ndt sought 
after for the purposes >of domestic fuel; it was supposed thi|^ 
the fumes of coal had a peculiarly corrupting effect upon the 
air, and were most injurious to health. Its value, however, 
was appreciated by brewers, dyers, smiths, and others,jvhose 
occupations lead to the consumption of a large quantity of 
fuel, and towards the close of the thirteenth century, coal was 
imported into London from Newcastlep, for the use of those 
trades. In 1306, however, parliament petitioned the king to 
prohibit the u.sc of the noxious fuel in the city. A royal pro¬ 
clamation was accordingly issued, prohibiting the use of coal, 
and as this failed in its etfect, a*commission was issued for the 
purpose of ascertaining who burne(^ sea-coal within the city 
and its neighbourhood, and to punish them by fine for the first 
offence, and by the demolition of their furnaces if they per¬ 
sisted j but even the.se severe proceedings failed to put <iown 
Uie nuisance. A law wa.s, therefore, passed, making the 
burning of .sea-coal within The city a capital offenc*, and per¬ 
mitting its use only in the forges of the neighbourhood. In 
the reign Of the first Edward, a man was tried, convicted, and 
executed, for burning sea-coal in London. Even in districts 
where coal abounded, it was not used as a domestic fuel, for 
we read that in 1349, in the religious house, at Whalley, peat, 
witli a very little wood, was the only fuel used. 

So deeply rooted was the prejudice against coal, that it was , 
not until the commencement of the seventeenth century that 
its use became more general. Ladies had an idea that a coal 
fire injBred their complexions, and they would not even enter 
a house or room where the obnoxious fuel was used j nor 
would they aven partake of meat which had been roasted at a 
• 

* On the mantel shelf is a scroll, bearing an inscription, which sMldts 
the prayers of the Vicars in favour of Sir Richard I^mroy, and expresses 
Bolicitnde for the safety df his soul. •• 
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coal fire. WTien Ben Jonson had to entertain a party of 
gnests at his house, he warmed his room with a charcoal fire ; 
but, on ordjpary occasions, ho used coal, for we find that, on 
more th^ one occasion, his flue caught fire from an accumu- 
lation of soot. 

In an inventory, dated 1603, of the goods of Sir Thomas 
Kytson, at Hengrave Hall, in Suffolk, mention is made of “ a 
cradeU of iron for the chimnye to bume sea-cole with,” and 
also “ j fier shelve made like a grate to seft the sea-cole with.” 
The cradle here mentioned was probably nothing more than a 
few bars bent into a'Semicircle, and fastened into the upright 
wall over the hearth. 

There was, doubtless, good reason for the objections of our 
ancestors to the use of sea-coal, for the chimney fire-places 
were usually made in the form of a large square recess, and the 
breast of the chimney was of the same size as the recess itself 
In order to rid sea-coal of its noxious sulphurous vapour, 
Sir John Racket and Octavius de Strada proposed, in 1626, to 
confert the coal into coke, and thus make it as agreeabfe a 
fuel for chambers as wood and charcoal. A patent was ob¬ 
tained for fhe purpose, but the speculation did not succeed, as 
the vapour given off J)y the coke was found to be nearly as 
unpleasant as that from coaV 

About this time, a great improvement was made in» France ^ 
in fire-places. Louis Savot, in his Treatise on Architecture, 
remarks that large rooms only are free from smoke, and that 
when fires are made in small apartments, a door or a window 
' had to be left open, or else the air came down the wide flue, 
and drove the smoke into the room. To correct this defect, 
he raised the hearth about four inches, and lowered the^antel 
so as to make the opening of the fire-place about three feet high. 
The width between the jambs was reduced to three feft; the 
jambs from the mantel were to be carried up sloping to the 
wau4 0^ where the flue begins to be of uniform width, and the 
opening of the fireplace was formed like an arch. But, whefe 
the fii^place could not be conveniently altered, Savot perfo- 
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rated with small holes a plate of iron, whose width and length 
was nearlj equal to the hearth, and this was fixed three inches 
ahoye the tiles of the common hearth. On this perforated 
plate he placed a grill de fei^ of the same ]ength*as the billets 
to be burned, and raised nine inches above the plate; the 
wood was placed on the grate, the charcoal on the perforated 
plate, and the hearth received the ashes; the air, rising through 
the small holes, made the charcoal bum briskly, and this so 
much assisted the burning of the wood, that a ntpid draught 
up the chimnej was established, and smoke prevented. 

In Savotl description of the fire-place used to heat the 
“Cabinet des Livres,” at the Louvre, we have the first, 
recorded attempt at combining the cheerfulness of an open 
fire with the economy of an enclosed stove. Fig 12 is a front 

Fig. 12. * Fig. 13. 



r, 1 ^ Fig. 13 a vertical section of this ingenious contri¬ 
vance. The hearth was a thick iron plate placed above the 
old hetftih, with an interval, n, of three inches between them. 
The two sidhs, or covings of the fire-plaoe, were also formed 
of thick Iron plates, placed three inches from the jamba ^ Ihe 
space; n, at the b^, and the spaces at thi sdde^ eommuni- 
^ted with the space, n, under the hearth; two pipes, or 
channels, % communicating Vith these hollow spaces, opened 
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Fig. 14. 


into tlie room at e, as ^own bj the dotted line in the section; 
these spaces could be closed at pleasure. When the fire was 
burning, the iron hearth, and the plates [which formed the 
mdes or* covings, and the back, became Tery hot. The cold 
air at the floor, entering by the openings at a, into the space n, 
was heated by the hearth, and rising into the spaces at the 
back and sides, had its temperature further increased; it then 
entered the channels i, and escaped at c, thus diffusing an 
agreeable warmth over the whole room. 

About the year 1658, the project for burning coke, instead 
of coal, was revived by Sir John Winter, who invented an 
improved fire-place for the purpose. The cradle, or fire-cage, 
was placed on a box about eleven inches high, in the front of 
which was an opening, o (Fig. 14), fitted with a door, which 

was always kept closed, except when the 
ashfs were removed. A pipe, a, in¬ 
serted into the side of the box, com¬ 
municated with the external air, at a 
level of two or three feet below the bot¬ 
tom bars of the fire-cage ; this pipe 
could be clo^d at pleasure by a valve. 
When the coke, or charked coal in the 
fire-cage, did not bum w’ell, the valve 
was opened, and the air from the outside 
rushed in a strong current into the box, 
and, by its powerful blast, soon roused 
up the fir|^; the valve was then closed, ^d all communication 
with the external air was thus cut off. The flue was^closed 
with an iron plate or register, that moved on a hinge. It had 
an opening, c, 8 inches square, for carrying the smoke into 
the chimney, and this was found large enough for a fire-place 
of any dimensions. This ingenious contrivance does n^t seem 
to have succeeded, although both it and the arrangement 
described by Savot have, with slight variations, been^ brought 
forward several times within the last three quarters of a cen¬ 
tury, apd patented as notable inventionac * 

In 1678, Prince Rupert invented a fire-place, so contrived 
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that the draught took a downward direction before entering 
Pig. 16 . the flue, as shewn in Pig. 15, in which. 

I d X is a wall built at a distance of 10 
inchbs from the back df the hearth 
recess, and carried- up to the mantel, 
where it is terminated by the wall x, 
thus completely closing all communi¬ 
cation between the flue and the room. 
An opening, a, is made in thfs wall, 
10 inches high, and of the same width 
as the length of the grate, and its 
sill is 2 inches above the top rib of 
of the grate. Fixed within the chim¬ 
ney i.s a plate of iron, i, placed perpen¬ 
dicularly, so as to divide it into two 
equal parts. ^ To the upper edge of this 
plate is hinged an iron door, e, as long os the chimney is 
wide, and tliis door can be brought into the position c, or 
into that indicated by the dotted lines at e. The fUel grate 
stands on the hearth, and is placed^early in a line with the 
wall of the room. At thc*back of the ash-pit is a brick that 
closes the aperture through which the soot is removed. When 
the fire is first liglited, the smoke door, c, is pushed back, and 
when the draught is once established, this door is drawn for¬ 
ward, and the smoke being thus prevented from flowing 
upwards, reverberates downwards, and passes the lower edge 
of the division plate, i, and rises between it and the back of 

V 

the he’arth into the chimney flue. In boisterous weather, or 
with such a fire-place, in an upper room, where the chimney 
ia short, another iron door, r, is hung under the edge of the 
mantel! in front of the fire-place, and extending the whole 
width ef the opening. Its breadth varies according to circum¬ 
stances, but it is made so as to reach within two inches of the 
upper bar of the fire-grate, when hanging in the position shewn 
by the dotted lines at s. This converts theiire into a furnace, 
and the room will, in*such case, be " warmer than it would be 
with a fire four times the size made in a common cradell.” 
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When tbe smoke flows re^larly througk the aperture a, this 
door is thrown back out of use, as at r. In some cases, the 
ordinary fire*b<»rd or fire-cloth was used instead of this door. 

*^The*fire-tdoth,” says Mr. Berdan, “ was a common append¬ 
age to a fire-place, particularly where wood was burned, 
for then the flue was large, the hearth wide and low, and the 
mantel high; when the cliimney smoked in certain winds 
only, the cloth was suspended, when wanted, from each comer 
of the mantel-piece. But when the disease was unremitting, 
the curtain was fixed by rings, running on a rod that went 
across the fire-place; when not used, it was drawn to one 
side, like the curtain of a cottage window; very often the 
fire-cloth was contrived to be drawn up like a modem Venetian 
blind, and made so deep, as to reach from the mantel to the 
hearth, and serve the office of a fire-board, when there was no 
fire in the yawning chimney. The first variety of smoke 
cloth was seldom more than fifteen inch^ deep, and was fte- 
guenily made of painted leather; but in good houses, the sus¬ 
pended fire-cloths were usually of damask and tapestry. 
None of these contrivaribes are yet extinct.” 

In 1680, a stove was exhibited 2 .t the fair of St. Germains, 
n^ Pari^ in which the smoke not only descended, bat was 
also consumed. It is formed of hammered iron, and stands 
on the floor of the room. The fuel, wood, or coal, is contained 
in a vase, c (Fig. 16), with a grating at o, and this vase is placed 

Fig. 16. 
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an a box or cylinder o, from which a fnpo, i, is carried into a 
flue, which has no communication with the hearth recess, nor 
with the air, except at the top^ above the roof. The vase 
being tilled with fuel, some’dry brushwood is pl^d'upon it. 
The upper part of the pipe, t, is then heated by a lamp, or hot 
iron, in order to establish a current of air from the cylinder o, 
which current passes down through the fuel in the vase. A 
piece of lighted paper is then placed on the brushwood) and 
the downward current carries the flame downwards, first 
igniting the wood and then the coals, and consuming the 
smoke in descending. The products of combustion thus 
carried into the cylinder, a, rise through the pipe, i, into the 
chimney. The descending current may be made evident by 
holding a flame over the vase, and it will be drawn down¬ 
wards. Justel, who described this arrangement to the Royal 
Society in 1G81, says, that “the most foeted things, matters 
which stink abominably when taken out of the fire, in this en¬ 
gine make no ill scent, neither do red herrings broiled thereon. 
On the other hand, all perfumes are lost, and incense mikes 
no smell at all when burned therein.” An improved edition 
of this stove was made by l5r. Franklin. 

A very economical method of heating two rooms by one 
fire is described by Savot. A plate of iron is made to sepsr 
Fi«. 17. rate the fire-places of the two adjacent 
rooms. A fire made on the hearth, a 
(Fig. 17), heats the plate, and this, in its 
turn, by its radiation, warms the air in the 
adjacent room, e, as effectually as a stove 
would do, provided its flue, % is properly 
closed. Or if the second room have no 
chimney, it may still be wanned by making 
an opening in the wall, at the back of the 
fire-place, and closing it with an iron plate. When Dr. Franklin 
was in PAris, he saw an example of this contrivance, and estS- 

9 

mated'it highly. 

• In all these euxly octatrivances there is much ingenuity, And 
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we bTisg them forward thus prominently, because they are 
really the legitimate ancestors of many reputed modem in- 
Tentions, whose authors are either ignorant of, or have failed 
to acknowledge, their legitimate descent therefrom. Patentees 
would often he spared much anxiety and expense, if they 
would condescend to study the subject to which their in¬ 
vention refers, before they introduce to the public a contrivance 
which^may have been as well, if not better, done a long time 
before. Inventions, whether in the fine arts or in the useful 
arts, require genius often of a high order ; and although it is 
not expected that every inventor should have the genius of 
Watt, it is at least required that they should possess some of 
his method of patient research. 

But there is one writer, whose inventions have especially 
served as the type of many a modern fire-place, and at the 
time of its publication in 1713, shewed a great and sudden 
advance in the art of warming apartments. The author of 
the treatise referred to is no le.ss a man than the Cardinal 
Polignac, who, under the assumed name of Gauger, published a 
treatise, entitled Mechaniqw da Feu, ou CA rt d'eu auq- 
menier lea effeta el dUen diminuer la Uepeiue, contenant le TraiU 
de Kouvellea CheminAea qui echauffent j>lua qne lea Chentin^es 
ordinairea, et qui ne sont point avjdtea d famery This treatise 
was reprinted at Amsterdam in 1714, and a translation of it) 
by Dr. Desauguliers (from which we are about to quote), was 
published in London in 1716. 

In the preface, the author has some sensible observations on 
ethe subject of warming and ventilation. After remarking 
that persons who judge of the value of machines by their 
ocmplication, will not find his inventions to their taste, be 
bestows a compliment on those who estimate “such devices 
from the simplicity of their construction, and the facility of 
their execution,” and then proceeds thus:—“ A plate of iron 
or copper bowed or bended after such a manner as is not at all 
disagreeable to tHb sight; a void behind, divided by certain 
wnall bands or partition plates, fCrming several spaces 
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that have a communication one with another; a little vent 
hole in the middle of the hearth, a register plate in the upper 
part of the funnel; and for some shafts, a capital^ on the top, 
make up the whole construction and workmanship ’ of our 
modem chimney. Now can there be anything more simple 
or plain, or more easy to execute V' 

“ To be able to kindle a fire speedily and n^ake it, if you 
please flame continually, whatever wood is burning, without 
the use of bellows ; to give heat to a spacious room, and even 
to another adjoining, with a little fire ; to warm one’s self at 
the same time on all sides, be the weather ever so cold, witht- 
out scorching; to breathe a pure air always fresh, and to such 
a degree of warmth as is thought fit; to be never annoyed 
with smoke in one’s apartment, nor have any moisture therein; 
to quench by one’s self, and in an instant, any fire that may 
catch in the tunnel of a chimney ; all these are but a few of 
the effects and properties of these wonderful machines, not¬ 
withstanding their apparent simplicity. Since I used this sort ’ 
of chimney, I have not been troubled one moment with smoke, 
in a lodging which it rendered before untenable as soon as a 
fire was lighted; I have always inhaled, even during the 
sharpest seasons, a fresh air like that of the spring. In 1709, 
water that froze hard everywhere else very near the hearth, 
did not congeal at night in my chamber, though the fire was 
put out before midnight; and all that was brought thither in 
the day soon thawed, neither did I ever perceive the least 
moisture in winter, not even during thaws.” 

The treatise opens with the following remark :—“ It seems 
that those who have hitherto built or caused chimneys to be 
erected, have only taken care to contrive in the chambers 
certain places where wood may be burnt, without making a 
due reflection that the wood in burning ought to warm those 
chambers, and Hhe persons who are “In them; at least, it is 
certain that but a very little heat is felt of the fire made in 
the ordinary chimneys, and that they might hfe ordered so as 
to bend forth a great detd more, only by changing the dupoai- 
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tion of their jambs and wings.” The methods by which a fire 
mf^ communicate its heating effect to a rooni} are coxrectly 
stated to be by radiation^ by rejection, and by conductum. 
Now as*radia]it heat is reflected according to the same law u 
light) i e., the angle of incidence is equal to the angle of reflec¬ 
tion, it follows that, in a fire-place with straight jambs, rery 
few of the rays are reflected into the room. Thus, suppose a 
fig- IS fire, / (Fig. 18), to bo made 

in an ordinarychimncy, a b, 
if^ r* I ttj of which the jambs, a b, 

a are parallel, the my of ^ 
heat, / o, will be reflected 
back in h ; the ray / h 
upon itself in/; the ray /1 
in N; and the ray / l in p; and this is the only ray that can 
be reflected into the chamber, the others being to the back, or 
up the chimney, or among the fuel, and contribute in no way 
\o the useful heating effect of the fire. In cases, however, 
whAre the jambs ^ formed of plaster, thci*e is not even this 
reflection, for the heat, finUing upon the dull surface, is absorbed. 
The author then describes what ought to be the correct form 
of the jambs;—“ Geometricians,” he says, “ are sensible that 
all radiuses which set out from the focus of a parabola and fall 
upon its sides, are reflected l^k parallel to its axis. If, there- 
Fig. 19. fore, you take on the bottom 

i j_ c g of a chimney hearth, a b, & a 

I I to that of the wood designed 

j '/ \ burnt, for example, of 

/ £— half a Ic^ or billet, which, at 

liSr > ^ Paris, is 22 inches; from the 




points 0 c, let the perpendicular c d, c d, which* may be 
the axis of two semi-pan^las, whereof o c arS the vertices • 
SJid A a (the distance between which is the breadth of the 
chimney), each %f them one of their points; that dolae, you 
ane te^'Iine with irem or copper jdates the two parabolical au&s 
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A c, rt c, of the chimney, and make the lower part of the con- 
care parallel to the horizon, and as large as it can be, only 
leaving ten or twelve inches Jor the aperture of the chimney 
funnel, lly this arrangement, as much of the heat as’can be 
will be reflected, for all the rays of heat from the focus f/ of 
each semi-parabola, a.s///,//<,/i,//, <fec., will be reflected 
back panillel to the axis c d in m, n, o, p, and consequently, 
*pas.s into the room. So also, all tho.se r^i-ys, e h i, which are 
not reflected back pamllel to the axis, will neverthefess be 
Reflected into the chamber or very nearly so. Besides 
this, the jambs being so much nearer the fire than is 
usual, M ill soon become heated, and reflect a larger number of 
rays.” 

All draughts in the room toM'ards the fire were avoided, by 
introducing a mtijfh't, or bloM'cr, already described in Savot’s 
and Winter's stoves (Figs. 1and 14). -Its opening was situated 
at r (Fig. 1 !•). in the centre of the hearth, 10 or 12 inches below 
the jdate on M’hich the fuel wjis burned, and communicated with 
the ojjon air by a channel from 4 to G inches square. The 
opening in tlie hearth M'as furnished with a metal frame, on 
which vras hing(td a trap aoor, or valve, opening upM'ards; 
the upper surface of this valve wa.s furnished with a button, 
which could be grasped with the tongs, and a small bolt 
beneatli could then be drawn back, or closed w'ith the button 
with M'hich it was connected. The sides of the valve w'ere 
formed by tw'o thin sectors of iron, w'hich guided the 
current of air through the channel, and confined it within 
narrow limits. Two springs in the frame pressed against the 
sector sides, and kept the valve open at any desired angle ; of 
course, when the valve waa shut and bolted, there was no 
current. 

A number of complicated varieties of fire-place are described 
in this treatise, all of which are furnished with parabolic jambs 
and the soufflet; but the back, the jambs, the hearth, and 
the mantel, were also made hollow, for iihe purpose of 
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Fig. 20. 



pouring a copious supply 
of heated air into the apart¬ 
ment. Thc.se hollow spaces, 
named cnHducts or rnmn- 
den, are in one arrange¬ 
ment (Fig. 20) formed by 
perpendicular divisions. In 
another variety (Fig. 21) 
they are horizontal. In 


this variety the hearth is also hollowed out, and divided 


f»k- 21 . into a .series of square 


spaces. The cold air enter¬ 
ing at rt, follows the direc¬ 
tion of the arrows, and 
e.scapes into the room at a :; 
c is the hearth, m the 
smoke flue, and d s i the 
caliducts. 

The sui)ply of hot air, 
into the room was rcirulated. by a valve in the air- 
channel, formed on the principle of Pai)in3 four-way 
cock. A small cylinder, x (fig- 22), moved within another 
Fig. 22. cylinder which was fixed. The 

revolving cylinder had two aper-^ 
tiires, 0 0 , and the fixed cylinder 
three apertures. The axi.s of the re¬ 
volving cylinder passed through the 
cover of the fixed cylinder, and had 
a small lever or needle attached to it, 




by means of which the cylinder was turned by the Ijand into 
certain positions marked on a small dial When the apertures, 
0 0 , in the revolving cylinder coincided with tho^ in the 
fixed cylinder, the external air from the channel was admitted 
into the caliducts in the chimney back: by turning'the revolv¬ 
ing cylinder inlfe another position, the cold air was eicluded 
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from the caliducta, and admitted directly into the apart¬ 
ments. 

The cylinder could also be nlaced so as to shut off the cold 
air both from the caliducts and from the room. In this way 
the air of the room could be tempered according to the wants 
and feelings of the occupants. 

The arrangement to which the Cardinal gave his decided 
preference, is represented in the following figures. Fig> 23 

Pig. ‘.'8. 



Fig. 24. 



represents a horizontal sect^n 
of the fire-place, and Fig. 24 
a vertical section. The hollow 
metal case forming the back of 
the cliimney is divided into three 
or more caliducts, p q each 
four inches wide and six inches 
and three quarters broad, placed 
about an inch from the back 
wall of the hearth recess, with 
its lower edge, m, about two 
inches above the surface of the 
iron bottom plate or hearth, a. 
The jambs, w, lined with iron 
or brass plates, are formed in a 
parabolic curve, and solid at the 
back. The chaanel, x, conduct¬ 
ing the external air intg the 
£ 2 
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caliducts, is nine inches on the side j and the blower, c, fur¬ 
nished with its valve, forms an ai)erture three inches lonj' and 
two inches and a half wide, but instead of being; supplied 
with air from the outside by a separat-e channel, the air is de¬ 
rived from the cluinnel, r. The air valve, x, is placed at the 
junction of the cold air channel, with the caliducts j and the 
aperture, r, throUi^h which the warmed air enters the room, 
is fktod with a sliding; valve, to close the warm air aperture. 

The action of this ai>j)aratus is simple. The sni:dl wood on 
the hearth being; lighted, and the valve of the soutllct, c, lifted 
up, the l(»gs soon begin to kindle into a good fire ; the smoko 
and iRame rise into the space between the back, j> 7 r, and the 
wall of the hearth, and, after heating the iron back of the cali¬ 
ducts, e.scape into the flue. In the meantime, the other facr 
towards the room, is also quickly healed by the tlamc* and 
smoke. The valve, o, being adjusted to admit the external air 
into the caliduct, it flows tlnnicc into the .second and tliinl 
caliducts, receiving fresh accessions of heat in its pr<*grcss, until 
ifrescapes at :, into the apartment, which it si)ocdily warms. 

For large apartments, these Hre-jdaces may be erected in the 
middle of the room, and two nlay be set back to back, with 
one series of caliducts for both, so that the air will be heated, 
whether the fire be kindled in one or botli. ^\'hcn kindled in 
both, the heating etl'cct will, of coiii’sc, be greatly increased. 
So, also, two adjoining rooms may be heated by one tire, 
provided the hearth recesses are placed back to back ; for, by 
making a fire in one room, the heated air from the caliducts 
may be discharged into the other; or by carrying a pipe from 
the cali<liicts through the wall into an adjoining room, or 
through the ceiling into an upper room, an agreeable and a 
sufficient warmth may be distributed. 

All subsequent writers of repute have acknowLdged the 
great merits of the Cardinal’s treatise. Franklin admitted 
the great assistance it had afforded him; and the improve¬ 
ments in stovesj, so successfully introduced by Count Rumford, 
are .«11 similar in principle to those suggested by this book. It 
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will be obvious how very superior is the Polignac fire-place 
(as the arrangement just described is named), to those on the 
common construction, from tthe following remarks bj Mr. 
Reman:—“ Tlic external air, in passing through the caliducts, 
being raised to a temperate heat, and spreading itself 
throughout the chamber, a person in the coldest weather 
is surrounded with warm air, and heated, without going near the 
fire, on all sides at once ; while, from the construction oi' the 
hearth, he enjoys the radiant heat in greater perfection tliaii 
in the common chimneys. Tlie large body of air, constantly 
flowing into the room from the caliducts, prevents all chink 
win<k or dangerous disease-bringing currents; and as there is 
as much impure air withdrawn as there is fresh warm air 
admitted, an unceasing salutary ventilation goes on, from the 
time the fire is lighted until it is extinguished ; so that a person 
inav always remain in a room tlms warmed, and breathe as 
pure an air as if he were in the fields.” 

The Polignac fire-places were constructed for the combus¬ 
tion of wood fuel. Pr. Desaguliers modilied tlicm so as to 
admit of coal being burnt, and, in conjunction with an archi¬ 
tect, manufactured them, and erected a considerable number 
in London. For a time the comforts and convcnicnee, as 
well as economy of these firo-place.s, were appreciated, and they 
were rising rajiidly into favour; but, unfortunately, an outcry 
was raised against them by Mr. Haiiksbce and some other 
scientific opponents of Dr. Desaguliers, who declared that 
tliesc fire-places “ burnt the air, and that burnt air was fatal 
to animal life.” This ivas a death blow to the Doctor’s new 
fire-places, and many years afterwards, when referring to the 
subject he mournfully remarks,—“ As I took so much pains 
and care, and w'as at some expense to make this management 
of air useful^ I can’t help complaining of those who endea¬ 
voured to defeat me in it.” 

In 1745, Dr. Franklin introduced a fire-place, which he 
named the Pemi^ylvanuin stove, in which Prince Ruperts 
descending flue was ingcuioualy combined with the Cardinal 
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Polignac’a caliducts. This store was constructed for burning 
wood, but in 1753, Mr. Durno adapted it for burning of coals, 
and aeijt one of his stoves to London for a model. The fuel 
box was 15 inches wide, 5^ inches deep, from the grating to 
the top bar, 5] inches from front to back. This kept a room, 
14 feet square, at a temperature of between GO" and 04° during 
13 hours, with the consumption of onlj one peck of coals, at a 
time when the external temperature was 28“ or 4“ below 
freezing. 

A simple, but highly ingenious grate, in which the burning 
fuel was made to consume its own smoke, wa'^ also one of the 
many original contrivances of Franklin. It consisted of a 

circular fire-cage, (Fig. 25,) about a foot in 
diametex, and from C to 8 inches wide 
from front to biu:k ; the back is of plate 
iron, and the front filled with bars, of 
which tlie three middle are fixed and 
the top and bottom moveable, and 
either one may be drawn out for the 
purpo.se of filling the grate with fuel. 
The fire cage turns upon axe.s, supported 
by a crochet, fixed on a stem, which 
revolves upon a pivot fixed to the hearth. The fire i.s 
lighted by withdrawing the upper bar and then placing , 
wood and coals in the cage, as in a common grate, 
the bar is then replaced. So also in adding fresh fuel, 
the upper bar is removed and then replaced. When the 
grate is first lighted, a quantity of thick smoke is emitted by 
the fuel; but, as soon as it begins to bum well, the cage is 
turned round on its axes, so that the burning coal" at the 
bottom shall occupy a position at the top. The whole is then 
turned round on the pivot, so as to bring the bars again in 

it 

front; by this arrangement the fresh coals below the lighted 
fuel will gradually ignite, and their smoke, having to pass 
through the fire above them, will be entirely consumed. In 
this Way the combustion is perfect, or nearly so, and this 
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economy of fuel is accompanied by a much greater heating 
effect; little or no soot is deposited, for all the combustible 
matter of the fuel is converted into heat. For want of some 
such contrivance, a very considerable portion of^ our'fuel i's 
wasted by our open fires under the best management. Soot is 
very inflammable, and one pound of it gives as much, if not 
more heat, than one pound of coal ' and the quantity of soot 
which lines our chimneys is very inconsiderable, comparedjvith 
that which e.scapes unconsumed at the chimney top, and fills 
the neighbourhood with l^^ach, and, returning into our houses 
through the open windows, makes the furniture dirty,, or, 
entering our lungs, offers an impediment to free respiration. 
Another advantage of the revolving grate is, that it may be 
turned into any position, so as to radiate its heat in one 
direction rather than another, and, by placing the bars in a 
horizontal position, a teakettle, or otl^er cooking utensil, may 
be conveniently set on it. 


Count Rumford deserves honourable mention as an improver * 
of grates, and an economiser of fuel. The Rumford stove has 
made hi.s name familiar among all chisses, and is so well known, 
that a description is imnecesSary. The Count’s essential im¬ 
provement con.sisted in contracting the area of the fire-cham¬ 
ber, and placing a flat surface in each interior angde, as in the 


plan Fig. 27, so as to reflect that portion of heat into the room, 
* FiK. 20 . which in the old square chambered grate.s 
t escaped up the chimney. The throat of the 
L, J chimney was also greatly reduced in size, and 

' 7 the breast-work, a (Fig. 26), rounded oflP, in 

-'jy order to afford less obstruction to the ascent 

^ of the smoke; when the chimney required 
sweeping, the plate or flagstone, h, could be 
% removed so as to open the throat, and be re- 


B placed after the operation. According to 
Rumford, in order to obtain the greatest 
effect from’the fuel, the siaes of the fire- 
piftce ought to be placed at an angle of 135® with the ba«k of 
the grate, or, which is the same thing, at an angle of 45® with 
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a line drawn across the front of the fire-place. (See 
Fig. 27. Fig, 27.) These angular 

..x covings wore not to bo of 

y'■ * iron, but of some non-con- 

* ^ ducting substance, such as 

"■ ^ fire-clay, and polished with 

/ _ black-lead. He objected to 




« circular covings, on the 

ground that they produced eddies or currents, which would 
be likely to cause the chimney to smoke; and he also 
objected to the old form of registers or metal covers to the 
breast of the chimney, for the same reason ; and also because 
by their sloping upwards towanls the back of the lire-place, 
they caused the warm air from tlie room to be drawn up the 
chimney, and thu.s interfered with the passage of the smoke. 
These registers are now.arranged so as to be lower at tlie back 
than at the front of tlie stove, but they arc usually placed too 


high up. If brought down lower and placed at an angle of 
4-^, much of the heat of tlie fire would be reflected into the 
room. The Count also greatly diminished the .size of tlie fire 
grate, and considered the best proportions for the chimney 
rece.ss to be when the width of the back was equal to the depth 
from front to back, and the width of the front or opening 
between the jambs three times the width of the back. 

“ Although the best form for register stoves has now for 
several years past been adopted, the desire for novelty has 
cau-sed the true principles of construction to bo frequently 
departed from; and we accordingly find, in the most modern 
stove.s, considerable deviations from the.se principles. Fig. 28 

is a section of a register stove, con- 

ip 

structed on the best possible plan for 
diffusing heat into the room. The 
sides are a right angle of i)0“, a b c, 
and the bars, d e, describe-a quadrant 
of a cirHe, whose radius is just half 
the length of the side a b. If we now wish to follow Kumfo^d’s 
iTile of making the back one-third the width of the front, we 
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fbtain this by takinjr ODo-third of the length a b, which will 
give n/; and then if wo draw the line / we shall obtain 
exactly the req^uircd dimensions. By this arrangement it will 
be perceived, that the sides of the stove form an angle* of 13.j" 
w'ith the back ; and all the rays of heat which fall ujxai these 
sloping sides, will therefore be reflected into the room, directly 
in front of the stove in riglit lines. 'J’h« falling cover, or 
register-top should also form an anglo ui 1 IbV’ with the»back, 
by which a large portion of heat will be radiated downwards 
into the room. These proportions; however, cannot well be 
adopted in stoves of a very large size, as they will be found to 
throw the stove rather too far back; but for all moderate 
sized stoves, no form can be-adopted which will produce so 
good an clfett.”* 

We think we have now indicated all the various families of 
open fire-[*laces, at least as far as thek principles are concerned. 
Tlie species are iiinumcval)le, and it would be impossible, in 
our limited space, to give even a list of them. Those whC 
desire further iufurmatioii on tiie subject, are referred to 
Mr. Bornan's entertaining little volumes. But ^ the subject 
of o))en fires is elc.-^ely eonuceted with that of smoky chimneys, 
it may be useful to introduce a few details respecting this 
complaint and it.s cure. 

Science often follows as well as precedes the useful arts. 
In the former case, slic has to correct defects; in the latter 
case, tlie progress of those arts depends on her own improve¬ 
ment. The invention of chimneys was not a scientific result, 
but an act of necessity. The first object proposed to be t 
accom [dished by them wa.s to discharge into the air the pro¬ 
ducts of combustion, instead of allowing them to spread over 
the apartment. With the liuge wood fires of our ancestors, 
the lai%e hearth recess and the capacious flue did not interfere 
with the accompli.shment of the object proposed ; but as eir- 
cumstantes changed—when fire-places were introduced into 

• A practical Treatise on Wai'ininy Building by Hot Water, dc. 

Charles Hood, F.11.Sp, &c. Second Edition. London, 1844 
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small rooms, and coal was substituted for wood—the arrange¬ 
ments which were suited to the baronial hall or kitchen did 
not apply. Science was unable, or did not condescend, to 
investi^te the subject, and thus the defects of chimneys con¬ 
tinued to exist through many generations. One great defect 
arose from the great capacity of the flue in proportion to the 
extent of the fire, the heat of which was often insuffleient to 
detemine an upward current for carrying off the smoke. It 
is now a matter of every day experience, that the force of the 
draught in a chimney is so much the greater as the column of 
air which passes up it Is longer or more heated, or, in other 
words, the taller the chimney, or the hotter the fire, the more 
rapid will be the draught. The ascentional force of this 
current is the difference between the weight of the column of 
heated air in the chimney, and a column of the surrounding 
atmosphere of equal height. The draught therefore is in¬ 
creased by increasing the perpendicular height of the chimney. 
Tts length in a horizontal direction doe.s not increase, but 
dindnishes the draught, by cooling the air before it gets into 
the elfectiv|p)art of the flue. The draught is also increased, 
by making all the air which enters* the chimney pass through 
or very near the fuel; for when much air gets into the chimney 
above the fire, by having a high mantel-piece, the mass of air in 
the chimney cannot get sufficiently heated. 

It is a law of expansion for atmospheric air and aU gase.s, 
that they dilate almost equally and very nearly in proportion 
to the increase of temperature. According to Gay Lussac, 
1,000 cubic inches of air at the freezing temperature increase 
in bulk to 1,375 cubic inches at the temperature of boiling 
water. For an increase of temperature, therefore, fronq 32® to 
212®, amounting to 180®, the increase of volume is 375 parts 
in 1,000, or | of the whole bulk ; and since the expafision is 
uniform, the increase of volume for 1® will be found by divid¬ 
ing this by 180, which will give an increase of 20f parts in 
10,000 for 1® of 'Fahrenheit’s thermometer. The recefit ex- 
perimeats by Magnus and Regnault htfre thrown a doubt on 
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the correctness of this result. By methods perfectly indepen¬ 
dent of each other, these philosophers have arrived at 0.3665, 
instead of 0.375, as the true co-efficient for the expansion of 
atmospheric air, * • 

Now as this law of expansion applies equally to air in motion 
as to air in a state of rest, wc can thus calculate the amount of 
dilatation under^jone by the column of air in a chimney from 
the heat of the fire in the grate. But as the heat is cons^tly 
varying, so also is the volume of ascending air. The air of 
the room which passes through the fire and undergoes a che¬ 
mical change is intensely heated, and passing up the flue 
becomes reduced in temperature at every step. The air which 
rushes into the cavity above the fire becomes also suddenly 
expanded, rises, and mingling with the heated gaseous pro¬ 
ducts of combustion, diminishes somewhat of their temperature, 
while it augments their bulk. The mean temperature of the 
heated a.scending column may be found by taking the tempe¬ 
rature a shc»rt distance above the burning fuel, and also at th<* 
top of the cliimney; by adding these two results together, 
and dividing by two, wc get the mean temperataK, or a near 
ai>proximation thereto. Wc are then able tomiculate the 
force of tlie draught by applying one of those rules which 
scientific men have formed for the purpose. The method of 
calculation proposed by Montgolfier i.s very simple, and appears, 
from recent inquiries, to bo accurate. It is this:—Ascertain 
the difference in height between two equal columns of air 
when one is heated to a certain temperature, the other being 
the temperature of the external air, and the force of the 
draught, or the rate of efflux, is equal to the velocity that .a 
heavy body would acquire by falling freely through this differ¬ 
ence 0 ( height. 

Now»the space through wliich a heavy body falls in perpen¬ 
dicular heiglft in one second is rather more than sixteen feet; 
but by tile law of accelerating forces, the velocity of a falling 
body at the end of any given time is such as would carry it. 
ih an equal time, through twice the space through whici; it ha** 
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fallen in that time; or the velocity, in feet per second, is 
c(^ual to eight times tlic square root of the number of feet in 
the fftll j or, to the square root of the number obtained by 
multiplying b4 by the height of i*he fall in feet. 

When the force of the draught of a chimney is the differ¬ 
ence in weigliL iLhveeu two columns of air caused by the 
expani^on of one of these columns by heat, the decimal ,00J08 
which represents the expansion of air by I** of ialircnheit 
must be multiplied by the number of degrees the temperature 
is raised, and this product again by tlie height of tl.e heated 
column. Thus if the height of tlic column is iiO feet, and 
the increase of temperature -t)", we liavo -D x .••0i!U8XdU 
=2,08 feet; or 52.08 feet of 1 ot air will balance .‘>0 feet of 
the cold air ; and the velocity of elllux of the heated column 
when pressed by the greater ^Voight of the colder column will 
be equal to 8>/2.08 = l 1.51 feet iter second. 

The mean temperature of the heated ascending current in 
*a, chimnev is much greater than 20" above that of the colder 
column with which it is compared ; but it is most probable 
that air ej^mds more proportionally at hjgli temperatures 
than at lo^PRies for equal ineremAits of heat. As tlie law .of 
expansion for high temperatures ha.s not, as far as we know, 
been determined, it was thought better to select an example 
within the range of our knowledge, than to assume a higher 
temperature, which would more nearly represent the conditions 
of the case. 

By the same means, the efflux of air, under any given pres¬ 
sure, can also be calculated. The pressure being known, we 
calculate the height of a column of air equal in weight to 
this prc.ssure. Thus if the pressure bo equal to one inch of 
mercury, water is 827 times the weight of air, and iftercury 
13.5 times the weight of water; therefore 827X13.5= 
11,1G4 inches, or 930.4 feet ; and according* to the rule 
8 930.4=244 feet per second for the velocity •of efflux 

under the pressqre of one inch of mercury. 

In these cases, however, there must he an allowance for loss 
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by friction, which will vary according to the nature and size 
of the cliimney shaft, and also according' to the velocity of the 
air. The retardation of the air by friction, in passing: through 
straight tubes, will be directly as the length of the fube and 
the s<|uaro of the velocity, and inversely as the diameter. 

In this way the action of chimneys is brought within the 
domain of science. Tliere are, however, practical difficulties 
and sj)ecial cases whicii usually come under the jiathol^gical 
treatment of the smoke-doctor ; the.se may all be resolved by 
reference to well-known .scientific principle.s, but, unfortunately, 
tlie smoke-doctor i.s not always, indeed very seldom, a man of 
science. The following cases of .smoky chimneys and the 
method of cure, will include as much as need be said on this 
subject to tlie intelligent reader. 

Chimnevs may smoke for want of a sufficient supply of 
air. This is sometimes tlie case in 4 new house, where doors 
and windows tit tightly and accurately, so that scarcely a 
chink is left for the admission of air. Or if the house be not* 
new, the windows and doors are often listed, sandbags* are 
}>laced over the junction of the two window-fram^ and a thick 
mat closes the bidtoni of The door, and even the key-hole is 
often stop[>od. It is no wonder that, under such circumstance.s, 
the ehimiiey should smoke ; for the .air necessary to support 
tlio tire must come tlown the chimney (the only way left for 
it) iiLstead of piutsing through the tire and up it. To ascertain 
in a rough way, how much air i.s required per minute to make 
tlie tire burn well Avitliout smoking, sot the door open until the 
fire is burning properly, then gradually close it until smoke 
again begins to appear. Then open it a little wider and hold 
it in such a position as will admit the necessary supply. Now 
observe the width of the open crevice between the edge of the 
door, afld the rabbet into which it would shut. Suppose this 
distance to bb half an inch in a door eight feet high; the room 
would, iii*such case, require for the entrance of the air an aper¬ 
ture equal to 48 square inches, or a hole sk inches by eight 
ihche.s. This however would be more than is usually required. Dr. 
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Franklin found that a square openinjEf of six inches to the side, 
was a good medium size for most chimneys. But now comes the 
difficulty (a^ least in English Ijouscs, where no air duct is 
provided by the architect and builder, as in the Polignac fire* 
place), where to make this opening. If made in the door, it 
not only interferes with the privacy of the room, but admits 
of cold draught to the back and feet of those sitting near the 
fire ;* if made in the window, it brings a cataract of cold air 
down upon the heads of the inmates. 

It has been proposed to cut a crevice in the upper part of 
the window frame, and to place below thi.s a thin shelf, sloping 
upwards, in order to direct the air towards the ceiling, where 
mingling with the heated air of the apartment, it would mitigate 
its temperature, and bring it down again to feed the fire. The 
objection to this plan is, that it would cool the room ; but as 
fresh air admitted from any other source would have a similar 
cooling effect, it is not easy to propose a better plan. An 
old fashioned contrivance for kitchens was to place in one of 
the'spaces of the window-frame a circular tin plate, containing 
a wheel motnted on an axis, the radii or vane.s being bent 
obliquely; the.se being acted on by the entering air, forced it 
round like the vanes of a windmill, and at the s,amo time dis¬ 
persed the air to a certain extent, and prevented a distinct 
draught from being felt. Another method was to take out a 
pane of glass and .substitute a tin frame, giving it two spring¬ 
ing angular sides, and being furnished with hinges below, it 
could be drawn in more or less above, so that the incoming 
air might be directed upwards, and regulated as to quantity. 
A contrivance has lately been introduced for ventilating rooms, 
but when there is a fire in the room, it mu.st serve the purpose 
of introducing air instead of letting it out. It consists of 
a number of strips of plate glass, arranged after the' fashion 
of a Venetian blind, occupying the position of one of the 
panes of glass in the upper window frame. a little 
adjusting motion, the strips can be separated more or less 
apart,'CO regulate the supply of air, or'closed entirely, so & 
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to exclude it. Perforated panes of glass have also been in¬ 
troduced as ventilators, but they must also bring air into the 
room instead of letting it out, when a fire is bumjng. 

A second cause of smoky chimneys arises from the size of 
the fire-place ; it may be too wide or too high. Dr. Franklin 
recommended that the openings in the lower rooms should 
be about 30 inches square aftd 18 deep; and those in the 
upper rooms only 18 inches square and not quite so deepF; the 
intermediate openings diminisliing in proportion to the height 
of the funnel. 

But the funnel itself may be too high compared*with the 
size of the fire. The hot air ascending to a certain height 
may distri))qjte its heat to the air in the upper part of the 
flue, so that the ^\hole may cooWown, and the column within 
the flue be nearly of the same weight as an equal column on 
the out.side. In such a case, there will be little or no draught 
to carry oil the smoke, and it will, therefore, enter the room. 

But it mure frequently ha})pcn8* that the funnel is too short.* 
The remedy in .such case is to contract the opening of*the 
chimney, so a.'^ to force all the air that enters to pass through 
or very near the fire. 

Ill some hou.scs, in.stcad of having a separate chimney for 
each room or fire-place, the flue is bent or turned from an 
upper room into the flue of another fire from below. In such 
a case, the upper chimney is too short, since the length can 
only be estimated from the place where it enters the flue of 
the lower room ; and this, in its turn, is also shortened in 
efficient length by the distance between the entrance at the 
second funnel and the top of the stack; for all that part being 
supplied wdth air from the second funnel, adds no force to the 
draught; and if there is no fire in the second chimney, it 
cools tlft hot current of the first, and so diminishes the 
draught. Th*e remedy in this case is to close the opening of 
that chiinhey in which there is no fire. 

Chirtincys often overpower each other, and so cause them 
to* smoke. If, for exalnple, there are two fire-places in one 
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large room with fires iu each, and the doors and windows 
closed ; if the two fires do not burn equally well, either from 
not being lighted at the same tunc, or not equally su{>plied 
with fuel, or from any other cause, the stronger fire will over¬ 
power the weaker, and draw the air down its funnol to supply 
its own demand. The air descending the funnel of the weaker 
fire brings the .smoke with it,<ind thu.s fills the room. Two 
chimnevs in ditfereiit rooms, which communicate hv a door, niav 
also act in this way wdienever the door is opened ; so, also, in 
a house where all the doors and windows fit tiglitly, a .‘strong 
kitchen chimnev on the lowest floor mav over])ow'er anv other 
chimney in the house, and draw air and smoke into the rooms 
as often as a door commuui»ating with the ''tairca^e is ojiened. 
Dr. Franklin nientions the ca.se of a nobleman's house in 
Westminster afflicted with this iroublestmie eomplaint. It 
was a new' house, and a^ter the owner had paid for it, and 
discharged all cLiiius, he had to expend .£"100 more before tlu: 
' smoky chimneys were eurtjd. Of eourisc, the only remedy 
foi< this disorder i.s, to provide e.ieli room witli tlic means of 
funii.shing the fire-jdaee witli a .sullicient .supply of air for the 
combuistion of tlio fuel. When will ardiitocts and builder!' 
be convinced of the fact, that tire-places, as well as human 
Ixiings, require constant supplies of fresh air, and that it is 
tlieir duty to provide every room with air cliannels, plaeeJ so 
as to feed the fire without annoying the inmates 1 

Another fruitful source of smoky chimneys is, when tlieir 
tops are commanded by higher buildings, or by a hill, .so that 
the wind blowing over them, falls like water ovef a diini, 
sometimes almost passing over the tops of the chimney.^, and 
beating down the .smoke. If the funnels cannot be raised, so 
that their tops may be of the .same height or higlier than the 
eminence, the only remedy is to mount one of tl /ase ugly 
contrivances with w'hich the chimney doct(»r.s delight to 
satirise tlie architect and builder, and which are thus enn- 
mera>ted by at amusing writer in (.'hambers’s Edinhur<jh 
J<mrrMl :—“ The simplest of all cons’sts iu the well-kno'.vn 
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revolving bonnets or cowls, with wind-arrows on their sum¬ 
mits ; which, by tlie way, were once called Bishops in Scot¬ 
land, while a friend assures pc, that in the west of England 
he has heard them styled Presbyterians. The philosophy of 
this contrivance is sufficiently simple, in whichever direction 
the wind bhnvs, the month of the chimney is averted from it. 
This principle has its development in a thousand devices— 
some looking like Dutch ovens come up to see the world, 
some like half sections of sugar loaves, some like capital H’s, 
and sundry other pleasing objects. The red chimney-pots, 
too, have contrivances of a similar intention, in the diverging 
spouts an<l cavities and twists wliicli some of them delight in. 
A different .‘Species, is the perforated whirling variety, which 
seem perpetually whizzing round for the mere fuu of the 
thing, .since any good they do is e.vtremely apt to escape 
detection. d’hey are a lively-looking apparatus; but on 
squally nights, and \Nheu the pivot becomes a little rusty, 
the musical sounds they give forth can scarcely he considered 
agn'cablc. Among the more ingenious of smokc-ciirer», an 
invention of ri'cent origin, named the Archimedean screw ven- 
tHafor de-x-Tvos a place, ^t consists, as its name implies, of 
wind-vancs attached to the extremity of a revolving screw. 
Wlion tlio wind strikes tlicsc vanes, it produces a rapid revo¬ 
lution of the screAv, which is thus supposed to wind up the 
smoke or vitiated air from below. Perhaps it serves the 
proposed end j but Avhether the positive advantage thus gained 
is not ^st by the obstriietioii of such apparatus to the free 
passage of smoke in calm tveather, is a point, in my esti- , 
mation, more than questionable. For the relief of such 
chimneys as only smoke in windy weather, perhaps, this and 
other forms of external ai)paratus are best adapted. Another 
inveiitFon of equal merit, is a chimney-cap of metal externally 
grooved in H scries of spiral curves up the pipe, which end 
in a kirfd of mouth-piece, from whence the smoke issues. 
The wind, when impelled against this appamtus, is supposed 
?o take somewhat of the direction of the spiral groovips, and 
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thus to form an upward current to assist the emission of the 
smoke.” One of the most recent of this class of inventions is 
Dayt wind^pmrd, which consists of an octagonal metallic 
(diimnej-cap, having four slits in it, which are protected by 
projecting pieces or slips of metal. When a current of air 
strikes in any direction against the cap, it reflects or turns 
the air in such a manner, as immediately to produce a 
draught up the pipe. “ In casting one’s eye down the long 
streets of the smoky city, in taking a survey of the roofs 
and their tormented chimneys, the infinity of other contri- 
vances is so great, that it is scarcely a [wctical hyperbole to 
say our pen starts back from it. Here is patent upon i)atent, 
scheme after scheme, each doing its best, no doubt, to obtain 
the mastery over that simple thing—smoke ; and each with a 
degree of success of a very hopeless amount. There appears 
to me something intensely ludicrous in these .struggles against 
what seems to be an absurd, but an invincible foe ; the very 
Element of whose success against us lies in our not strangling 
himfin his birth. Many obstacles are in tlic way, no doubt; 
there are obstacles in the way of every good ; but I have little 
doubt, that had the perverted ingenuity wliieh has mis-spent 
itself upon the chimney-iK^ts been directed to the fire-place, 
we might have now had a different tale to tell. The smoke 
nuisance is laughed at as a minor evil, by a great pnictical 
people like ourselves, w^ho heroically make up our minds to 
put up with it; but when it is considered as an item in the 
comfort, cleanliness, and health of a whole nation, it ^umes, 
or should as.sumc, a different position.” 

We do not by any means affinn that the above contrivances 
are always effectual in the cure of smoky chimneys; for it is 
easy to imagine cases where chimneys will, or rather must 
smoke, in spite of the whole host of caps, cowls, and” vanes. 
For example, when a commanding eminence is Varther from 
the wind than the chimney commanded, the wind Would, as 
it were, be dammed up between the house and the eminence, 
and force its way down the chimneys in whatever position the 
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tum-cap or other contrivance might be situated. Dr. Frank¬ 
lin, mentions a city in which many houses were tormented 
with smoky chimneys by this operation, for tljeir kitchens 
being built behind, and connected by a passage with the 
houses, the tops of the kitchen chimneys were thus lower than 
the tops of the houses, and thus, when the wind blew against 
the backs of the houses, the whole side of a street formed a 
dam, and the obstructed wind was forced down the kitchen 
chimneys, and passed along the passages into the houses, and 
so into the street. This was especially the case when the 
kitchen lires were burning badly. In summer, the annoyance 
assumed a different form, for the smoke was wafted from the 
kitchen chimneys into the chambers of the upper rooms. 

Chimnevs, which otherwise draw well, will often smoke from 
the improper situation of a door. Thus when the door and 
the chimney arc on the same side ot the room, and the door, 
being in the corner, is made to open against the wall, as is 
usually done, to have it more out of the way, it follows that^* 
when the door is partially opened, a current of air rushed in 
and passes along the wall into and across the opening of the 
fire-place, and whisks the smoke into the room. This happens 
more frequently when the door is being shut, for then the force 
of the current is increased, and persons sitting near the fire 
feel all the inconvenience both of the draught and the smoke. 
A remedy may be found by an intervening screen, projecting 
from the wall and passing round a great part of the fire-place ; 
or still lyjtter, by shifting the hinges of the door, so as to throw 
the air along the other wall. 

A room with no fire in it is sometimes filled with smoke 
from the funnel of another room, in which a fire is burning. 
This arises from changes in density of Jhe air in the cold funnel, 
from changes in temperature by day and by night, as well as 
from changes*in the direction of the wind. It is found that 
when the* temperature of the outer air and of that in the 
funnels is nearly equal, the air begins to ascedd the funnels as 
tfie cool of the evening homes on, and this current will continue 
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till nine or ten o’clock next morning ; then, as the heat of the 
day approaches, it sots downwards and continues to do so till 
evening; it then changes again and continues to go upwards 
during the night. Now when the smoke from the tops of 
neighbouring funnels juisses over the tops of funnels which 
are drawing downwards, the smoke is also drawn down and 
descends with the air into the chamber. The remedy j)roi)Oscd 
by Pr. Franklin, was to contract the opening of the chimney 
to about two feet between the jambs, and to bring the breast 
down to about three feet of the heartli. An iron frame is then 
placed just under the breast, and extending to the hack of the 
chimney, so that a plate of iron may slide horizontally back¬ 
wards and forw'ards in the grooves on each side of the frame ; 
this plate, when thrust quite in, tills up the whole space, and 
shuts up the chimney entirely when there is no tire. But 
when there is a fire, it cap be drawn out, si* as to h'a\e between 
its further edge and the back, a s«pacc of about two inches, wliieh 
• is sufficient for the smoke to pass ; and so large a part of the 
funnel being stopped by the rest of the jilatc, the pa.ssage of 
warm air out of the room up the chimney is in great measure 
prevented, as is also the cold air from crevices to supply its 
place. The effect is seen in three w.ays :—1, W'hen tlie tire burns 
briskly in cold weather, the howling or w’hisking of the wdnd, 
as it enters the room through the crevices when the chimney 
is open, ceases as soon as the plate is slid in to its proper distance. 
2 , Opening the door of the room about half an inch, suid hold¬ 
ing the hand against the opening near the top of the door, you 
feel the cold air coming in against your hand, but weakly if the 
plate be in. Let another person draw it out, so as to let the 
air of the room go up the chimney with its usual freedom in 
open chimneys, and you immediately feel the cold air ru.shing 
in strongly. 3, If something be set against the d»or, just 
sufficient when the plate is in to keep the door nearly shut, by 
resisting the pressure of the air that would force it open, then, 
when the plate* is drawn out, the door will be forced open by 
the increased pressure of the outward ©old air endeavouring to 
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get in, to supply the place of the warm air that now passes 
out of the room to go up the chimney. “ In our common open 
chimneys,” says the Doctor, “.half of the fuel is wwted, and its 
effect lost; the air it has warmed being immediately drawn off.” 

Tlie form of the chimney-pot has also an influence on the 
free passage of the smoke. Many of those fancy chimney¬ 
pots ornamented, singly or clustered together, will cause the 
chimneys to smoke in strong winds; the ornaments sepring 
as points of resistance to tlie wind, after reflecting it down the 
chimney ; and the clustered arrangement presenting a broad 
resisting surface, so that the wind, in blowing against them, 
rises up along tlie surface, and blows strongly over the mouths 
of the pots, so that the smoke cannot force its way through the 
blast. In \’^enice, the top of the flue is rounded into the.true 
form of a funnel, and this is often found to answer the purpose; 
but, at present, we do not know of uay remedy except a turn- 
cap, or one of the many elegant contrivances which give such 
wonderful variety to the sky line of most of our houses and* 
public buildings. , • 

Cases of smoky chimneys may arise, which may puzzle the 
science of the most accomjrlishod smoke doctor. We borrow 
two such cn.'ios from Franklin. “I once lodged,” he says, “in a 
house in London, wliieh, in a little room, had a single chimney 
and fuimcL The opening was very small, yet it did not keep 
in the smoke, and all attempts to have a fire in this room were 
fruitless. I could not imagine the reason; till at length, 
observing that the chamber over it, which had no fire-place in 
it, was always filled with smoke when a fire was kindled below, , 
and that the smoke came through the cracks and crevices of 
the wainscoat. I had the wainscoat taken down, and discovered 
that the funnel which went up behind it, had a crack many 
feet in* length, and wide enough to admit my arm; a breach 
very dangerotis with regard to fire, and occasioned, probably, by 
an apparent irregular settling of one side of the house. The 
air entering this breach freely, destroyed th» drawing force of 
fhe funnel Thp remedy would have been, filling up the breach. 
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or rather rebuilding the funnel; but the landlord rather chose 
to stop up the chimney.** 

The second case occurred at the house of a friend near 
London^ “ llis beat room had a chimney, in which he told 
me he never could have a Are, Ibr all the smoke came out into 
the room. 1 flattered myself I could easily find the cause, and 
prescribe the cure. I opened the door, and perceived it was 
not ^rant of air. 1 made a temporary contraction of the 
opening of the chimney, and found that it was not its being 
too large that caused the smoke to issue. I went and looked 
up at the top of the chimney, its funnel was joined in the 
same stack with others, some of them shorter, that drew very 
well, and I saw nothing to prevent its doing the same. In 
fine,^after every other examination I could think of, I was 
obliged to own the insufficiency of my skill. But my friend, 
who made no pretension fo such kind of knowledge, afterwards 
discovered the cause himself. He got to the top of the funnel 
"by a ladder, and looking down, found it filled with twigs and 
straw cemented by earth, and lined with feathers. It seems, 
the house, after being built, had stood empty some years before 
he occupied it; and he concluded' that some large birds had 
taken the advantage of its retired situation to make their nests 
there. The rubbish, considerable in quantity, being removed, 
and the funnel cleared, the chimney drew' well, and gave satis¬ 
faction.” 

It has been remarked, that chimneys situated in the north 
wall of a house, do not draw so well as those in a south wall; 
because when cooled by north winds, they are apt to draw 
downwards. Hence, chimneys enclosed in the body of a house, 
are more favourably situated than those in exposed walls. 
Chimneys in stacks often draw better than separate funnels, 
because those that have constant fires in them warm those in 
which there are none. 

We have devoted a considerable space to this subject, because 
we think the reader has a right to expect, in a practical book 
of tlds kind, tolerably full information en a subject, in wbidi 
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all are interested; and the above cases seem to include most of 
the causes of smoky chimneys and their remedies. The open 
fire-place is so intimately connected with an Englishman’s ideas 
of domestic comfort, that it can never be expected*, while coals 
are plentiful, that a more economical method of wanning our 
rooms will become very common. It is, therefore, the duty of 
scientific men, to make the open fire-place as comfortable as it 
certainly is wholesome, and if a better method of supplying air 
to the fire than the present chance arrangement were adopted; 
if caliducts were led round the fire, so as to discharge warn 
air into distant parts of the room, and even over the house; if 
the various parts of the fire-place were of the proper shape 
and dimensions; there seems to be no good reason against 
retaining our cherished open fire, and converting it firom a 
troublesome, uncertain, smoky, and expensive companion, into 
a source of health, pleasure, and econpmy. 


CHAPTER II. 

■ 

ON THE METIlunS OF WARMING BUILDINGS BY MEANS OF CLOSE 
STOVES AND IIOT-AIIl APPARATUS. 

One of the most intelligent advocates* in the cause of the 
CLOSE-STOVE vemujf the open fire-place, has preferred a very 
serious bill of indictment against the defendant. It consists 
of no less than eleven counts, of which the foUowing is a sum¬ 
mary, I. Wade of fuel. Of the whole heat produced from 
the fuel used, about seven-eighths ascend the chimney and are 
wasted. The loss of heat is first, more than half, which is 
in the sipoke as it issues from the burning mass. Secondly, 
that carried o^ by the current of the warmed air of the room, 

* Dr. Amott. Warming and Ventilation, tcith Directions for 
making the Themiemeter Stove, etc.” London, iB38. The writer 
wuiheB to acknowledge his'obligations to this excellent little treatise. 
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which is constantly entering the chimney between the fire and 
the mantel-picce, and niixinfr with the smoke. This is esti¬ 
mated at nearly two-ei^diths. Thirdly, the soot, or visible 
part of the smoke, is unburned fuel, and if more than half of 
the heat produced be in the smoke, and nearly a huirth of it 
in the warm air from the room which escapes with the smoke, 
and if about an ei^^dith of the combustible pas.s away unburned, 
theit* is a loas of at least seven-eij^hths of the whole. C*ount 
Rumford estimated the loas at fourteen-lifteenths. Those 
estimates must of cour.‘<e be .su[ti)osed to refer to the open fire¬ 
place with square jambs. II. (’wyual hmtimfat difermt dis¬ 
tances front the Jin. A.x the intensity of raditmt heat is only 
one-fourth as great at a double distance, and so on, its effect 
being inversely as tlie square of the ilistance, the walls of the 
room are scareelv heated, an<l therefore reflect no heat to 
persons round the fire.* There i.s u.'^ually one circular line 
around the fire in which persons m\jst sit to be comfurtable ; 

’ and within this line thev arc too hot, and bevuinl it too cold. 

» * 

III! Cold dramjhts from doors and windows. IV. Cold fmt- 
hcUh. The fresh entering air, being colder than the general 
mass already in the room, occupies the bottom of the apart¬ 
ment, and forms a dangerous cold air-bath for the feet of the 
inmates, so that they must keep their feet raised out of it by 
foot-stools, or wear wamer cK>thing. \\"o see how anxious 
cats are to get out of this cold air-bath by occupying the seats 
of chairs, &c., instead of the carpet. V. Bad ventilatim. 
The heated respired air ascends to the ceiling, and, getting 
cool, descends, and is breathed over again ; or, if the fire be 
not sufficiently supplied with air from the door and windows, 
it will come from other quarters, and bring in foul air from 
drains, A"c. VI. Smahe and dust, VII. Loss of time in 
lighting the fires in the morning, and again during the day if 
neglected and allowed to go out. VIll. Dangir to property. 
In London alone there are, at an average, 140 fires per month. 
IX. Danger io'^the person. Children get burnt, and the 
dresses of ladies sometimes take fire* by a sudden drau^t 
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from the door, or coming too near the fire. X. Expense of 
attendance. It is contended that servants have more work 
to do in houses with open fires, than where stoves are kept. 
XL Necessity of sweeping-hoys. 

This is certainly a formidable indictment, but after the 
details given in tlie last chapter, it is not necessary to enter 
upon any further defence. There is no doubt that, upon some 
of the counts, the defendant must be found guilty; but it will 
be seen, in the present chapter, that the plaintiff does not 
come into court with clean hands, for there are many objections 
to the close stove, from which the open grate is entirely free. 
The.se will be stated as we proceed. 

The close stove is used chiefiy in those countries where fuel 
is scarce. One of the simplest forms is the Dutch stove, shewn 
i iii *.’a. ill Fig. '2d,' The fuel rests on the bars 

of a grate, near the bottom, and the air 
enters below the grate. The fuel is 
introduced by a door above the grate, 
whicli door is closed ivliile tlie stove'is 
in action, and as this is the only opening 
ill the stove above the fuel, no air can 
reach the chimney, except that W'hich 
, has pas.«!ed through the fire, thus saving 

the ivastc of warm air, which, in open 
fc passes between the fire and the 

mantcl-jiiece. The heating etfect of this stove is due to the 
whole Burfiicc of the stove, and its flue receiving the direct 
heat of combustion, as well as much of the heat of the pro¬ 
ducts of combustion, as they escape into the chimney, and, if 
the flue be made sufficiently long, so as to expose a large sur¬ 
face in the room, nearly the whole of the heat may be applied 
to use, vfithout draughts, or smoke, or dust. These are the 
good qualities of the Dutch stove; now for its bad ones. The 
heated iron surface acts upon the air in contact with it, so as 
to impair its purity and fitness for respiratioii. “ The air,” 
sayl Dr, Amott, “acquires a burnt and often sulphu'-ous 
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smell, in part, no doubt, because dust, which it often carries, 
is burned, and, in part, because there is a peculiar action of the 
iron upon the air. It becomes very dry, too, like that of an 
African simoom, shrivelling everything which it touches; and 
it acquires probably some new electrical properties. These 
changes combined make it so offensive, that EngUshmen, un> 
accustomed to it, cannot bear it. In this country, many forms 
hafe been proposed, some of them gracefully deigned, with 
transparent talc doors, and other attractions ; and they have 
been tried in rooms, public offices, passages, halls, but have 
been afterwards very generally abandoned. Persons breathing 
the air heated by them, are often affijcted by headaches, giddi¬ 
ness, stupor, loss of appetite, ophthalmia, <Sic. A north-east 
wind, which distresses msmy people, bringing asthmas, croups, 
d;c., and which withers vegetation, is peculiar chiefly in being 
dry.” This stove is mpch used by laundre.sses and others for 
drying, and in this application of it, the doctor admits, it is 
good and economical The ornamental varieties of it are also 
furnished with vases and other receptacles for water, which, by 
its evaporation, greatiy mitigates the evils complained of j but 
it must be admitted, tliat the lisf of objections brought against 
the Dutch stove forms as formidable a bill of indictment as that 
preferred against the open fire. Another objection not no¬ 
ticed in the above quotation, arises from the overheating of 
the flue. It has often been known to get red-hot, and has* 
thus led to serious conflagrations. 

The American stove is a square close iron box, with a vessel 
of water upon it, to give moisture to the air. It has a plate 

projecting under the door, d (Fig. 
30 ); the wood fuel is burned 
within at a, and the flame passes 
along by b, to the cWmney, c, 
around an inner bflx, which is the 
cooking oven of the family, open¬ 
ing by a door in the side of the 
stove, liie fuel is introduced by 


Fig. so. 
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a large door at d, in which there is a smaller door, which, as 
well as the larger, is usually kept shut, because a sufficient 
supply of air enters by the joinings around; but in cold 
weather, the small door is opened to increase the combustion. 
The stove has iron legs, about a foot in length. 

In Russia, Prussia, and the North of Europe generally, the 
stove is a very important article of domestic furniture, in which 
the largest possible amount of heating effect is obtained frtm 
the smalle-st possible quantity of fuel In the construction of 
these stove.s, the following points are kept in view :—To main¬ 
tain in the fire-place the high temperature necessary for the 
perfect combustion of the fuel, by surrounding it with such 
substances as are bad conductors of heat, such as fire-stone or 
bricks; to have the means of regulating the quantity of air 
admitted to the fuel, by valves in the doors which enclose the 
ash-pit and fire-chamber, and by accurate fitting of the doors 
and valves themselves. Thirdly, to bring all the gaseous pro¬ 
ducts of combustion, as they escape from the fuel, into contact 
with the largest possible area of slowly conducting surface, Jb 
as to maintain it at an equal temperature; and, lastly, to make 
the smoke enter the chimney with the smallest velocity, or 
low'est temperature, that is practically consistent with the first 
condition. In no case, should this temperature exceed 150", 
^nor should the metallic surface ever be raised higher than 
100®, nor the stream of air issuing from it exceed 70". In 
every case, the combustion is regulated by limiting the supply 
of air, and if the heating surface be small, the fire is reduced 
so as to produce no more heat than can be carried off by the 
radiation and conduction of such heating surface. 

The method in which these conditions are complied with, 
will be understood by referring to Fig. 31, which represents a 
general form of stove. It may be modified according to 
circumstances of utility or taste, but the principle is the 
same in alf n I K L is a quadrangular box of any size, in 
the directions milk; but the inside width, Ifrom front to 
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Fig. 81 , 



back, is generally pretty constant; it 
is never less than 10 inches, and 
seldom extending to 20 inches. The 
whole included space is divided by 
a number of partitions. The lowest 
chamber, b, serves for the fuel, 
which is placed on the bottom of the 
stove without any grate. The fire¬ 
place has a door, o, turning cm 
hinges, and in this door is a small 
wicket, 1 *. The roof of the fire-place 


extends to within a very few inches of the further end, having a 


narrow pa.s.sage, b, for the flame. The next partition, d, is 
about eight inches higher, and reaches almost to the other end, 
leaving a narrow pas-sage for the flame at i>. Tlio partitions 
f/gcviTH repeated above at the distance of eight inches, leaving 
passages e f g c at the ends alternately disposed, tho last com- 
raunicatinsr with the vent in the ii flue. This communication 
i.s'^regulated by a-i iron plate, or damper, n l, which can be 
slid aero.ss it by moving a rod, which pa.s.scs out through the 
side. If the fuel be wood, as is generally the case, and the 
vent opens into the room, this passage is clo.scd by a sort of 
pan, or bowl of earthenware, which is inverted over it, with its 
l)rim buried in sand, contained in a groove formed all round 
the hole. The whole stove is set on low pillars, so that its 
bottom may be a few inches from the floor of the room. It 
is usually placed in a comer of the apartment, which is so 
disposed that the chimneys can be joined in stacks, as ’^vith us. 
In ligliting the stove, straw or wood shavings are first burnt 
on the liearth at its farther end, in order to warm the air in 
the stove and determine a current. The fhel is then laid on 


the hearth close by the door, and piled up and ki&dled, and 
the current, being already directed to the vent, there is no 
danger of smoke getting out into the room. The door, o, is 
tbeij closed and the wicket, P, opened, and the air supplied by 
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this means, being directed to the middle or bottom of the 
fuel, it is quickly kindled and is soon burning well. 

Now it will be seen, by this construction, that the flame, and 
heated products of combustion are retained as long*aa possible 
within the body of the stove, and their heat diffused over 
a very extended surface, which is still further increased by 
making the stove narrower from front to back in its upper 
part. A certain breadth is necessary below, that there may^be 
room for the bulky wood fuel; but if this breadth were 
preserved all the way up, much heat would be lost, because 
the heat, communicated to the partitions of the stove, acts 
with dittle or no useful effect, so that, by diminishing their 
breadth, the proportion of heating surface is increased. The 
whole body of the stove may, as Professor Robison remarks, be 
considered as a long pipe folded up, and its effect would be the 
greatest possible, if it really were so, that is, if each partition 
were split into two, and a free passage allowed between them 
for the air of the room. 

In order that the heated surface may be as extensive as 
possible, the stove is not built into the wall, nor in contact 
with it, or with the floor. By being thus detached, both the 
bock and bottom of the stove are sources of heat to the air of 
tlie room, and the bottom, which is the hottest part, contri¬ 
butes at least half the heating effect. Sometimes, however, the 
*Btove forms a part of the wall between two rooms, and serves 
to heat both. It is also common to have the door of the 
fire in the passage on the outside of the room, so that 
an attendant can manage it without incommoding the 
occupants. 

The .author of A Residence on the Shores of the Baltic, 
1841, refers to these stoves in the following terms :—“ Witliin 
these gr^t houses, not a breath of cold is experienced. The 
rooms are heaWd by stoves, frequently ornamental rather than 
otherwise; •being built in tower-like shapes, story over story, 
of pure white porcelain, in various gracefuV architectural 
motildings; sometimes sNrmounted with classic figures of pycat 
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beauty, and opening with brass doors, kept as bright as if 
they were of gold. In houses of less display, these stoTes are 
merely a projection in the wall, coloured and corniced in the 
same* style as the apartment. In adjoining rooms they are 
genemlly placed back to back, so that the same fire suflicas 
for both. These are heated but once in the twenty-four hours 
by an old Caliban, whose business during tlie winter it is to do 
little else. Each store will hold a heavy armful of billet, 
which blazes, snaps, and cnicks most merrily; and when the 
ashes have been carefully turned and raked with what is 
termed an ofen gabelf or stove fork, so that no unbumt morsel 
remains, the chimney ajwrture is closed over the glowing 
embers, the brass doors firmly shut, and in about six hours 
after this, the stove is at the hottest—indeed, it never cools.” 

The useful effect of this stove depends very much on re¬ 
taining in the room ^he air already heated by it. A small 
open fire in the same room will actually diminish the heating 
effect of the stove, and even draw the warm air from a^oining 
a|)artments. In the houses of English merchants at St. 
Petersburg, open fires aro sometimes introduced into rooms 
with stoves j and the consequence is, that it is found necessary 
to light the stoves twice a day, and yet the houses are cooler 
than those of the Russians, who light them only once. To 
our notions, however, a cool in-door atmosphere is preferable 
to a nauseous stagnant one, such as the Russians and Germans 
are accustomed to breathe throughout the winter; and even 
in summer, they arc very averse to an open window. The tem¬ 
perature of the vnnter apartments is kept nearly always at 
65®, and as every part of the room is equally warm, the in¬ 
mates have no occasion to crowd round the stove as we do 
round the fire. “ But I can testify,” sajB Dr. Buxton, “ that 
in German rooms there is a closeness of feeling to a person 
accustomed to free air, which is impleasant, If not unwhole¬ 
some—no change of air, the windows closed as light as can 
be, and the d'or fits as exactly as the carpenter can make it. 
Thp stove is air-tight with regard to> the room, and there is 
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nothing to occasion a current like an English open fire. The 
apartments of the rick almost invariably smell disagreeably. 
I do not, however, recollect seeing a single ventilator in 
Germany ; but I have repeatedly seen double windows^’ As 
ventilation can only be procured at the expense of heat, the 
people prefer retaining the foul air to expending an extra 
portion of fuel. In the houses of the poorer classes in Russia, 
where the windows are single, and a number of persons occupy 
a small stove-heated room, a thick icy crust forms on the 
inside of the windows during frosty weather, arising from the 
condensation of the breath, perspiration, and the aqueous 
fumes of candles, and of the stove, &c. When a thaw comes 
on, this icy crust is converted into water, and a deleterious 
principle is disengaged, which produces effects similar to those 
arising from the fumes of charcoal. Persona so affected are 
immediately carried into the open air, and placed on the snow 
with very little clothing; the temples and the region of the 
stomach are well rubbed with snow, and cold water is poured 
down their throats, and the friction is continued until the liyd 
hue of the skin disappears, and the natural colour is restored. 
The Chinese are wiser in tlfis respect than the Russians, for, 
although their rooms may in winter be as hot and as crowded, 
they have two openings at the top of each window, which are 
never allowed to be closed, and through these ventilation is 
carried on. 

The stove last described belongs rather to that variety 
called the Swedish stove, than to the liimian or German, In 
the Russian or German stove, the smoke, after rising from the 
fuel, recedes into the fine, and becomes cooled by contact mth 
the walls of the circulating chambers, and the heat is by this 
means retained in the apartment which would otherwise have 
escaped •combined with the vapour. In the Swedish stove, 
the circumvolutions of the smoke are exposed to a vivid heat, 
so that every particle of soot undergoes a second combustion 
in the circulating channels. Some of the Swe^h stoves have 
£n>m four to nine channels for the circulation of the smoke; 
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some are contrived to receive one or more boilers, and others 
to act as ovens ; and tliej all greatly economise the fuel, for, 
according to Morveau, the quantity of wood which is con¬ 
sumed in tWenty-tlireo days in an open fire, with less effect, will 
last sixty-three days in a stove. 

In erecting the ponderous German stoves, it is necessary to 
arrange the various pieces of clay, or porcelain, so that no part 
should crack or give way, and thus admit the smoko or car¬ 
bonic acid vapour into the room. When the parts are put 
together with cement, or held by iron cramps, a leakage com¬ 
monly occurs at the joinings, where the different pieces of 
clay are differently heated, and, perhaps, were of a different 
baking when made j hence, by expanding unequally and work¬ 
ing on each other, one of them must give way. But instead 
of making the joints close and using any cement, the best 
method is to make each upper piece stand in a groove formed 
in the piece below it, and then to sprinkle a little powdered 
, chalk or clay over it, which will effectually prevent the passage 
o^aoy air, and, at the same time, allow space for any expansion 
or contraction at the joint. 

Some valuable experiments by«Mr. Bull arc quoted by Mr. 
Beman, to shew the effect of ascending and descending flues 
in the Russian and Swedish stoves, and of elbows or bends in 
the flue of the common Dutch stove. From these experi¬ 
ments, it appears that the same length of pipe is much more 
efficacious in imparting heat to a room when it has elbows 
than when it is straight; that a descending current may be 
somewhat more efficacious than an ascending one, but is about 
equal with a horizontal one; a horizontal pipe, with the 
same number of elbows, is more efficacious in imparting heat, 
than when placed vertically for an ascending and descend¬ 
ing current. The cause of the increased effect is supposed 
to arise from the shape of the pipe forcing the heated air 
to make abrupt turns; in doing which, it impinges against 
the elbows with, sufficient force to invert its internal arrange¬ 
ment, by which a new stratum of hot air from the interior 
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of the current is brought more frequently in contact with the 
sides of the pipe, and particularly with the lower half of the 
horizontal pipe, which, from various causes, gives out very 
little heat to the room, without the aid of elbow jeints.. But 
the advantage gained by increasing the length of pipe and 
number of joints, has a limit very far short of that which is 
found to be necessary to impart all, or the greatest part, of 
the heat generated to the air of the room. Only five parts of 
heat in 100 were lost by using 13| feet of pipe, consisting of 
nine elbow joints; whereas, eight additional elbow joints, 
and 10^ feet additional of straight pipe, in all 28^ feet of 
pij>e, were required to save these five parts, and prevent their 
flowing intt) the chimney. By diminishing the diameter of 
the pipe, the lieating effect is increased, partly from the retard- 
atimi of the current, and partly from the small pipe exposing a 
gix'ater surface to the air with the same quantity of smoke 
tlian a pipe of larger diameter. 

An excellent stove with a descending current was con¬ 
structed by Dr. Franklin, for his own use. Fig. 32 represents 
I ij: a vertical section, in which r is an op^.n - 

ing in ihc cover, furnhslied with a hinge : 
tt is a fire-chamber, in which the gniting 
'I, is fixed; &, a space containing a second 
)■ gmting; r, the a.'^h-pit, with a drawer to 
receive the ashes; d e, horizontal flues at 
each side of the ash-box, communicating 
with vertical Hues wdiich lead into the 
chimney. The vase and flues are con¬ 
tained in a niche formed by closing up 
the fire-place, and there is no communi. 
cation between the room and the flue, except through the 
opening c in the lid. The fire is first lighted between 8 .\.m. 
and 8 p.m., vihen there is usually a draught up the chimney, 
as already# explained (page 91) ; but the direction of the 
draught had better be ascertained by holding ^ flame over the 

ai»-hole at the top of tlya vase. If the flame be drawn strongly 
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down, the fire may be lighted by first putting in a little char¬ 
coal on the grate at a; then lay some small sticks on the 
charcoal and some paper on the sticks; set light to the paper 
and sljut down the lid; the air will pass down through the air¬ 
hole, and blowing the flame of the paper through the sticks, 
kindle them, and they, in their turn, will kindle the charcoal. 
The flame and hot vapour descending through the grating at 
a, passes into the chamber 6, and through the second grating 
in' its bottom into the ash-pit, r. Tlie hot current wdll then 
be divided—one portion turning to the left, and passing into 
the horizontal channels cl, e, and entering the vertical flue, will 
be conducted into the cliimncy ; the other portion will make 
a similar circuit on the left in the channels d c, and entering 
another flue, will in like manner pass into the chimney. The 
surfaces of the vase and air-box, and the part of the horizontal 
channels exposed to the room, are heated by these circumvo¬ 
lutions of the vapour, and the air warmed by contact with 
them, spreads into the room. The larger pieces of coal that 
fall through the grating on the vase, are caught by the second 
grating, 6, i^id the ashes fall through it into the asli-pit box, c. 
Tlie success of this excellent cQ/itrivance depends of course 
upon maintaining an upward steady draught in the chimney flue, 
so that the ash-pit drawer and a door in the chamber 6, to 
withdraw the cinders, must be made air-tight. In order to 
determine an upward current on lighting the fire, a small door 
may be made in the side of the flue, and a piece of lighted 
pajter inserted. 

Mr. Beaumonts stove also acts by a downward current. 
It is represented in section, in Fig. 33. The foundation, a, is 
of bricks, two courses high, and 25 inches square, vrith a vacant 
space six and a half inches wide, for the ash-hole, 5. Upon this 
foundation are laid two plates of cast iron, c, eacb,9 inches 
wide, 25 inches long, and an inch thick. The plaj^ which covers 
the ash-pit draws out, and in doing so, turns the asides into the 
ash-pit. On these iron plates is erected a drum with an aper¬ 
ture, X, for the smoke flue. This aperture, when lined with fire 
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bricks, is six inches wide, and four and a half inches high. The 
drum is also lined with fire-bricks, set on edge, and is covered 
Fi(r. 88. with a circular plate of cast iron, 

8 n, with a downward 1^ roipid the 
edge, to receive the upper edge 
of the drum. In the middle of 
the cover, n, is a hole, seven 
inches in diameter, for the admis¬ 
sion of fuel, and this is covered 
with a lid, moving on a pivot to 
regulate the admission of the air. 
An opening of an inch is usually 
sufficient for that purpose. A short 
rim projects from the lid, whereby it is converted into a shallow 
vessel for holding water, the evaporation of which keeps the 
air sufficiently moist. The fire is lighted by first throwing in 
a few coals, then some sticks and paper,*and, lastly, some cinders 
or coke, ^vith a little coal immediately over the wood, taking 
care to make the fuel slope away from the smoke flue. The 
aperture at the top is then nearly closed, and the fire is lighted. 
The smoke first tends to fise towards the aperture, but the 
heat soon detennincs a downward current, which sets into the 
.smoke aperture, and carrying with it the gaseous products of 
combustion into the flue,/, the fire soon begins to burn brightly. 
At night the aperture is closed, and the fire goes out. All the 
fuel is consumed, the downward draught producing complete 
combustion ; there is no soot, and nothing of the fuel remains 
but a red ash. The management of this stove is quite easy; 
all that is required being to push in the slide, over the ash-pit 
before the fire is lighted, to let the fire burn brightly before 
much fuel is put on, and to keep the smoke vent, a?, from being 
choked up, by overloading it with fuel. 

Mr. Beaunjont says, that although this stove thoroughly 
warmed t^e air of the office, yet the clerks constantly com¬ 
plained of cold feet. To remedy this, a flue was formed under 
the paved floor, the paYing^stones forming the roof of it. The 
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flue, wWch was a foot square, entered one side of the oflice, 
continued along that side, across the top, and down the other 
side, where it entered an upright flue in the party wall. The 
paveiqent thus heated after the Chinese fashion (page 55), 
made the office very comfortable. With a mere handful of fire, 
the warmth was so considerable, that the difficulty was to keep it 
low enough, without putting out the fire. An office and prin¬ 
cipal stairea.se were thus kept warm at an annual expense of 

ft 

30.S., or about 3(/. a day for the cold se:ison, whereas a similar 
degree of heat from another apparatu.s cost i'18 a year. 
“ Persons coming in from the open air have complained of our 
keeping large fires, and when they liavo been shown tliat tlie 
fire was a small on(?, burning witliout fierceness, and which 
might be contsiined in the erow'u of a hat. thev have denied 
their belief to the fact; and insisted that the wanutli which 
they felt must have been procured from some other source. 
It really does appear like magic, but the ease proves tlie faet 
of one part only of the heat froin the })revious apparatu.s going 
to the place to be heated, and that eleven parts w'eiit up the 
chimney and was wasted at the houst> top.” 

The stove shown in .section, in^Fig. 31, is an iin[)rovement 
on the Dutcli stove, already noticed (page 1)7). The tire- 
chamber, a, eight inches on each side, is enclosed by four fire- 
tiles, c c, one inch tliick, placed in a cast iron ease, three eighths 
of an inch tliick, with a ledge to support the grate. This 
Icdce projects three and a half inches downwards into the 
ash-pit, and terminates in four short standards, or feet, placed 
on the sole of the stove. A .space, o', of four and a half inches 
is left betw'cen this iron casing, and the inner casing of the 
stove. Five inches above tlie upper edge of the tiles of the 
fire-box, a fire-tile, «, one and a half inch thick, and 15| inches 
square, is fixed on brackets, so as to leave a space, r, about one 
and a quarter inch all round, between it and the* inner surface 
of the casing for the hot vapour from the fuel to rise upwards. 
A plate of iron<. or a tile, m, is fixed about eight inches above 
tlie tile, g, leaving also a space, r, about one and a quarter inch 
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between its edge and the casing. The roof of the stove, 
about eight inches above the plate, terminates in the smoke- 
pipe, d ; the fire-door and its valve are shown at 6, and the 
84. ash-pit door and airwalva at 



the upper edge of this valve being 
half an inch above the under edge 
of the iron casing of the smoke- 
chamber. The stove is enclosed 
in a plate-iron casing, so as to 
leave a .space, o, of one and a 
half inch round it. This cjising 
is open at the bottom, m m, and 
at the top, p/), and has two fillets 
projecting about half an inch from 
its .surface; no valve of any 
kind is attached to this outward 
casing, abd the air circuhites 
freely through the space, o, that 
it eucloses. All the parts are 
accurately fitted, and no air 


enters tlie .«tove, except thr^jugh the valves at s and h. In the 
specimen described by Mr. Bernan, ‘‘ the heating surface was 
2(>;| square feet, and the depth of coke in the fire-chamber 
was generally about five inches ; and this was found sufficient 
for a room containing nearly n,()00 cubic feet of .'’pace. When 
tliere is fire, the hot vapour from the fuel being prevented 
from rising in a stream upwards by the tile, tf, spreads along its 
under surface, and ascends all round the edge of the tile, 
through the narrow space, r, which brings the smoke into 
contact with a large surfiice of the iron casing, and this con¬ 
tact is prolongjsd until it reaches the roof, by flowing through 
the narrpw space between tlie upper tile and the casing; tlie 
whole surface jj^f the stove thus kept in contact with the smoke, 
is equally Jaeated, and the air which rises freely in the space, o, 
being brought rapidly in contact with this hot surface, i.s 
gqpially warmed and emitted at p into the room.” 
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A combination of the stove and the grate, combining the 
heating effect of the stove with the cheerful appearance and 
ventilating properties of the open fire, is known under the 
name of the* stove-graU, or Chapelk; the latter name being 
derived from its resemblance to the chapels or oratories of the 
great churches. Professor Robison descrilws it as the most 
perfect method of wanning an apartment. Its construction 
is as follows:—In the great chimney-piece is set ii smaller one, 
of a size no larger than is sufficient for holding the fuel. The 
sides and back are of cast iron, and are kept at a small distance 
from the sides and back of the main chimney-piece, and con¬ 
tinued down to the hearth, so that the ash-pit is also separate. 
The pipe or chimney of the stove-grate is carried up behind 
the ornaments of the mantel-piece, until it rises above the man¬ 
tel-piece of the main chimney-piece, and is fitted with a regis¬ 
ter, or damper plate, turning round a transverse axis. The 
best fonnof this register is that of an ordinary fire-place, with its 
axis or joint close at the front, so ^at when open or turned up, 
the burnt air and smoke, striking it obliquely, are directed 
with certainty into the vent without any risk of reverberating 
and coming out into the room. A^U the rest of the vent is shut 
up by iron plates or brick-work out of sight. 

The fuel being in immediate contact with the back and sides 
of the grate, raises them to a great heat, and they heat the 
air contiguous to them. This heated air cannot get up the 
vent, because the passage above these spaces are shut up. It 
therefore comes out into the room; some of it goes into the 
real fire-place, and is carried up the vent, and the rest rises 
to the ceiling, and is diffused over the room. The heating 
effect of this stove-grate is remarkable. Less than a quarter 
of the fuel consumed in an ordinary fire-place insufficient, and 
this, with the same cheerful blazing hearth, and the .salutary 
renewal of the air. Indeed, it often requires attention to 
keep the room cool. The heat communicated to those parts 
of the apparatus, which are in contact with the fuel, is need¬ 
lessly great, so that it has been found an improvement to line 
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this part with thick plates of cast iron, or with tiles of fire¬ 
clay. These being bad conductors, moderate the heat commu¬ 
nicated to the air. If the heat be still found too great, 
it may be brought under perfect management, by (Opening pas¬ 
sages in the vent for the spaces on each side, so that the air 
heated by the sides of the stove-grate may ascend directly 
into the flue, instead of escaping into the room. These pas¬ 
sages may be closed by valves, or trap-doors, moved by rods 
concealed behind the ornaments of tlie fire-place. 

The stove-grate is under complete control as to temperar 
ture. A cheerful fire may be insured within five minutes, 
simply, by hanging a plate of iron in front so as to reach 
down as low as the grate; and when the fire is by its means 
blown up, the plate may be taken down and sent out of the 
room, or set up behind the grate out of sight. If, on the 
other hand, the room be found inconveniently w’arm, the tem¬ 
perature may be cooled down within a* quarter of an hour, by 
opening the side passage.s to*any extent for the escape of the 
hot air. In this arrangement the ash-pit is enclosed, becaq^e 
the light ashes not finding a ready passage up the chimney, 
are apt to escape into the rqt)ni with the heated air. 

Few contrivances for warming apartments have excited 
more attention and discussion of late years, than Dr. Arnott’s 
stove. The principle of this invention consists, in allowing 
the fuel to burn very slowly, the admission of air for com¬ 
bustion being regulated by a peculiar contrivance. There are 
vainous forms and modifications of this stove, but the principle 
is the same in all. The stove consists of a square or cylin¬ 
drical box of iron, lined with fire clay, with a grating near 
the bottom for the fuel, or the fuel may be contained in a 
small fire-box within the stove. Sometimes the fuel is burned 
within a»hollow cylinder of fire-clay, and then the stove is not 
lined with th»t material. There is an ash-pit below for the 
ashes, an4 the products of combustion are carried off by a 
vent. The chief feature of this stove is, the contrivance by 
wliich the air is admitted to the fuel. When the stove-door 
or ash-pit door is open, the combustion is vivid; but when 
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these are perfectly tight, as they ought to be, then the air is 
admitted by a regulator. ♦ 

The form first tried is shewn in Fig. in which ahed 

rcj)resent a box of sheet iron 
' divided by the p.artition, y /<, into 
! two cljaiiibers, communicating 
^ freely at the top and bottom ; a 
is the fire-bo.v formed of iron, 
lined with lire-briek, and resting 
on a close ash-pit with a door at 
b, near wliich i.s a valvod oj>ening, 
by whic-h air enters to feed the 
fire when the door is shut; i i.s 
the door the stove by which 
fuel is uitrodueeil; cis the chim¬ 
ney fine. When the ash-jut 
door and the stove-door are shut, the (piantity of air admitted 
by the >'alved opening in the ash-pit i.s only ju'^t suHicient to 
support combustion, and only a small corre.^ponding quantity 
of air can pass away by the chimney. The whole ))ox then 
soon becomes filled with hot air, of smoke from the lire circu¬ 
lating in it, and rendering it every where of as uniform tem¬ 
perature, as if it were full of hot water. This circulation takc*s 
place, because the air in the front chamber around the fire-box. 
and which receives as a mixture the red-hot air is.suing from 
tlie fire, is hotter, and, therefore, .‘specifically lighter than tlio 
air in the posterior chamber which receives no direct heat, but 
is always losing heat from its sides and back ; and thu.s, as 
long as the fire is burning, there must be circulation. The 
whole mass of air is, in fact, seen to revolve, as marked by the 
iUTows, with great rapidity. The quantity of new air rising 
frc«n within the fuel, and the like quantity escaping by the 
flue, c, are very small compared by the revolving mass. The me - 
thods of regulating the supply of air will be noticed presently. 

With this stove, Dr. Amott, during the severe winter of 
183(^-7, was able to maintain in his library a uniform tem¬ 
perature of from GO'* to GIJ". The quantity of coal used 


•Fig. 35. 
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(Welsh stone coal) was, for several of the colder months, six 
pounds a day—less than J^enny worth—a smaller expense than 
that of the wood used in lighting an ordinary fire. The 
FJg. :j«. grate or fire-box, fully charged, 



held a supply for twenty-six 
' hours. 

Another common form of this 
stove is shewn in Fig. ^6; 
A B c I), is the outer casing; b, 
the fire-box, over which is a dome, 
k, with a funnel, p, to carry off the 
products of combustion; //, is the 
stove door; and g the regulator 
bv which air is admitted. Van- 
ous forms of regulators are de¬ 
scribed, but perhaps the best is 


shewn in Fig. .37. a b c is a ghiss tube 
shut at A, containing air from a to ii, and 
filled witli racreurv from b to c: on the 
mercury at cis a fioatfrom which proceeds 


Fig. 37. 



an upriglit rod, d, kept steady by passing 
tlirough a support at ii. From this up' 
right wire descends anotlier, f o ii, tenni- 
nated by the plate valve, f ; e is the air- 
tube of the stove. When the heat within 
is great, the air in the shut limb of the 
regulator at a is expanded, and forces up 
the mercury at c, raising the rods and 
plate valve, f, and thus bringing it near to 
or in contact with the mouth of the tube, 
by which more or less air is admitted to 
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the stove, according to the heat within. If tlie combustion is 
proceeding too slowly, then the air #the tube a is not much 
expanded, consequently, air is allowed to enter the stove more 
freely.; but when omag to this the combustion becomes lively, 
and the temperature too high, then by the elevation of the 
plate valve, less air enters, and the temperature is moderated. 
A still more simple form of regulator is shown in Fig. 38, 

a be is a bent tube shut at 
rt, where it contains air, and 
open at c, w'hen? it is cup¬ 
shaped. The bent part at 
h is occupied by mercury ; 
from c proceeds a bent tube 
to supply air to the stove. 
Wlioii the internal heat is 
great, the air in a is ex¬ 
panded and forces the mer¬ 
cury up in r, and thus, 
bringing it in contact with 
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the mouth, prevents the free entrance of air to the .stove. 

This stove is liable to the objeetion already .stated, viz., that 
the air of the room, though sulficiently heated, is nevertheless 
stagnant. A pound of coal requires about 150 cubic feet of 
air for combustion ; but as a portion of the air c.scapes without 
bein? chemically acted on, 200 cubic feet may be allovred. 
Now if a room warmed by Amott’s stove, be fifteen feet long, 
twelve feet wide, and eleven feet high, its cubic contents are 
1,980 feet; and if six pounds of coal per day be burnt, each 
pound requiring about 200 cubic feet, only l,2O0 cubic feet 
will be used for the combustion. This quantity must pass 
through the stove, and be carried off by the vent, so that in 
the course of twenty-four hours, the atmosphere of the apart¬ 
ment is not once completely changed or renewed by the action 
of the fire. H^nce it is that the apartment is so easiiy warmed, 
and hence also its unpleasant effect. 

i^nother serious objection to this •stove, arises from ttiat 
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which is generally considered as its chief merit; namely, the 
slow combustion of the fhel, whereby carbonic oxide is gene¬ 
rated, and from the small draught of the chimney, is liable to 
escape into the room. This gas, is poisonous, and its‘escape 
has been ascertained by Dr. Ure, by attaching to the ash-pit 
of one of these stoves a glass vessel containing a solution 
of subacetate of lead, which being speedily acted on by 
the carbonic oxide, was formed into the insoluble carboqp,te 
of lead. It is also stated, that carburetted hydrogen is some¬ 
times formed in these stoves, which, by mingling with the 
air, has formed an explosive mixture, and thus led to calar 
mitous fires. 

Joyce’s stove for burning charcoal is liable to all the objec¬ 
tions arising from the use of this fuel in an apartment. The 
charcoal is prepared for this stove by roburning common 
charcoal in a clo.se oven, and quenching it while hot mth an 
alkaline solution; this deprives it of its usual pungent smell in 
burning, but renders it all the more dangerous, since the car¬ 
bonic acid may slowly accumulate in an apartment, a b^- 
chamber, for example, and produce fatal consequences. The 
stove consists of a thin mefcil case, in the fonn of a small urn 
or vase. A small pipe, two or three inches long, rises through 
the bottom into the body of the stove, and terminates about 
tlie centre in a conical funnel closed at the toj), and pierced 
full of holes. At the top of the stove is a valve, for the pur¬ 
pose of regulating the supply of air through the lower pipe, to 
maintain the combustion. A small portion of ignited char¬ 
coal is placed in the stove, and the remaining space filled up 
with charcoal not ignited j and as the supply of air is very 
limited, it will continue to give out heat for many hours. 
The whole of the charcoal is converted into carbonic acid, 
which dscapes from the valve at the top in proportion to the 
quantity of air which enters at the bottom. This stove has 
nothing to recommend it; for the charcoal fUel is not only 
dangerous, but expensive. From its small siase and great calo¬ 
rific power, this stov<i excited considerable attention at the 
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time of its introduction; and from the statements made re¬ 
specting it, the public was led to expect that some new law 
of combustion had been discovered, or that tho old law had 
been suspended in its favour, for it was gravely affirmed, that 
the whole of the products of combustion were absorbed or 
otherwise prevented from escaping from the stove, in conse¬ 
quence of the peculiar mode of preparing the fuel. 

We come now to notice that variety of .stove in which the 
cockle is introduced- This contrivance is an invention of Mr. 
Strutt, of Derby, and consists in making the fire-chamber of 
a cylindrical form', with a flat or dome-shaped head, and a pipe 
leading from the upper part, to carry off the smoke into the 
chimney. This iron fire-room, called the cockle from its .shape, 
was then placed on a bed of m.^soiiry or brickwork, with a 

grating and ash-pit l)enoath, 
as shewn in Fig. ‘llh At a 
certain distance from tlie 
cockle, u, is a ma'=;s of brick¬ 
work, h /), concentric with the 
cockle and it.s dome top, in 
eff-der to allow a current of 
air from the pa>sages below, 
or from the external atmo.s- 
phere, to come in immediate 
contact with tlie whole sur¬ 
face of the iron chamber and 
pipe. This air being thus 
heated and rarified, abends towards the head of the stove, 
and passes through one or more apertures, e, into tho room re¬ 
quired to be warmed. The fuel is supplied at the door, f, and 
passes down a sloping dead plate to the fire-bars at g. The 
ash-pit and draught-hole for the fire are shewn at d. 

In order to bring the air in contact with a greater extent of 
heated surface, another form is sometimes given to tfie cockle, 
by contracting its diameter, and bending the iron pipe into a 
serp^tine form, as shewn in Fig. 40/^ The fire-chamber is 
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I’ipf- 40. formed by placing the grating near 

the lower part of the conical pipe a, 
the opening to which for the admis- 
^ sion of the fuel is at c/ afiother naiv 
row opening is made immediately in 
front of the fire-bars, to allow the 
ashes to be cleared from the bottom 
of the fire. The brickwork, 6, 
closing the cockle, is in the form of 
a parallelogram, and the heated air 
escapes through e, and is conducted 
by pipes to the rooms required to be 
heated. The following is the work¬ 
ing effect of a cockle of this kind, 
but with only one bend in the pipe, which entered the chimney 
lower down instead of proceeding upwards to d. The cockle 
itself wa.s two and a quarter feet wide* six feet high, and the 
sides three quarters of an inch thick. The brick casing was 
at the thstance of six inches from tlie metal, and the descend¬ 
ing vent witliin was six inches in diameter. The stove here 
described was used for wanning a lecture-room 3o feet long, 
27 broad, and 20 bigli; also a large apartment 30 feet long, 
27 broad, and 16 high; besides two smaller rooms and a 
staircase. The fire wivs kindled during winter at seven a.m., 
and kei)t burning till four r.M., when it was allowed to go out. 
The average quantity of coals consumed was rather less than 
half a hundred weight. The temperature of the air from the 
tubes varied from 120° to 160°, according to the state of the 
fire. The temperature of the different apartments was kept 
at about 00°. When first erected, the supply of air for the 
hot chamber was brought from without; but afterwards, the 
air for the fuel and for the hot chamber were both taken 
from the apartment containing the stove, which was generally 
at 70°. . 

Mr. Strutt, of Belper, in Derbyshire, appears to have beeo 
the first person who introduced the cockle-stoves, and hence, 
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they are often named in honour of him Iklper Horn. In 
1792, he warmed his large cotton factories by their means; 
but the cockle-stove, erected by Mr. Charles Sylvester for 
warming the Derby Infirmary, was long regarded as a model 
of its kind for a large building. In a stove of this kind, it is 
necessary that the area be such as to allow of the subterranean 
passage being carried out, so as to communicate with the ex¬ 
ternal atmosphere at some convenient distance from the build¬ 
ing, in order to admit a current of cool air for ventilation 
during summer, as well as for the supply of the stove for 
warming the air of the apartments in winter. The stove 
should also be erected as near the area of the building as 
convenient, and be placed from six to twelve feet below the 
floor, in order to preserve uniformity as much as possible in 
the distribution of the warm air. The cockle, a (Fig. 41), is 
cubical in form, with dome or groined arch top; it is about 
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three feet in diameter^ and four feet high, and is made of iron 
plates rivetted together. The smoke pases off bj a narrow 
passage at the base of the cockle through the flue /. The 
brickwork surrounding the cockle is built with alternate*open¬ 
ings between the bricks, as in Fig. 41, at about eight inches 
distant from the sides of the cockle. Through these apertures 
are inserted pipes of sheet iron, or common porcelain-ware, so 
as to extend within an inch of the cockle, bj which means the 
air to be heated may be thrown near, or in immediate contact, 
with the surface of the cockle, if desirable. The horizontal 
partition, d d, cuts off the communication between the lower 
and the upper portiou of the air-chamber, the arched openings 
in the lower half, c c, being the openings of the main air-flue 
leading from the exterior atmosphere. The fire-room and ash¬ 
pit are shewn at 0 b, and the fuel is introduced by the open¬ 
ing at i , 

It will be seen, from this arrangement, that the air passing 
from the lower flues, c c, through the apertures beneath the 
horizontal partition, and coming in immediate contact wiA 
the surface of the cockle, must find its way into the upper air- 
chamber, e e, through the numerous pipes or openings of the 
upper division, by which circuit its velocity wiU be sufficiently 
retarded to obtain tlie necessary elevation of temperature from 
the heated cockle. But that the air may not be burnt, it is 
necessary to regulate the size of the fire-chamber, so as not to 
heat the cockle, on an average, more than 300“. The Derby 
stove allows the passage of nearly five cubic feet of air per 
second, which is heated to about 130“ at the instant it escapes 
from the upper air-chamber into the pipes leading to diflSsrent 
parts of the building. These pipes are furnished with dampers 
to regulate the admission of warm air at pleasure. 

If carfl be taken to prevent the burning of the air, this 
method of he&ting a large building appears to be wholesome 
and econolhical. It would scarcely answer on a small scale, 
on account of the expense of erection; nor could it be easily 
ap{>lied to a large buildiug, unless constructed in the first 
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instance, or during the erection of the edifice. The air pas¬ 
sages being placed scTcral feet below the surface of the ground, 
affords a convenient mode of admitting a portion of cold air to 
the idterior of the building during summer, by ^leans of a 
revolving mouth-piece, or turn-cap, placed at the opening of 
the air-passage, so as to receive the current of wind at the 
outer extremity of the passage, and thus convey it to the in¬ 
terior of the building. 

The various objections which have been urged, from time to 
time, against this method of warming buildings, by bringing 
the air into contact with a .surface of iron heated hv fire, have 
led to other methods of heating the metallic surface. Thus 
Mr. John Sylvester, in his evidence before the House of Com¬ 
mons’ Committee, in 183.*), proposed this method of w'arming 
the New Houses of Parliament. An apparatus was to be 
erected beneath the hovse, or on the basement, con.stnieted of 
cast iron, and exposing a very large surface for tlie contact of 
the fresh air; the arrangement of the surface being such as 
tb divide the supply of fresh air into a Large number of very 
small streams. The under part of the metal surfivces being 
heated by enclosing water, or steam, the air so divided would 
flow in contact with such warming surfaces, and thus become 
heated to the temperature required. When thus heated, it 
would be allowed to flow under the whole area of the house, 
the floor of which, being perforated with a multitude of holes, 
would thus admit it into the body of the house. (See Fig. 87) 

This brings us to the next step in the art of warming 
buildings; namely, by steaiHf for the details of which we refer 
to the next Chapter. 
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CHAPTER III. 

ON THE WABMINQ OF BOlLilNGS , BT MEANS OF slXAM* AND 

HOT WATER. 

The method of warming buildings by steam, depends on the 
rapid condensation of steam into water when admitted into 
any vessel which is not so hot as itself. At the moment of 
condensation, the latent heat of the steam is given out to the 
vessel containing it, and this diffuses the heat into the sur¬ 
rounding space. 

The first practical application of this principle was made by 
Jameh Watt, in the winter of 1784-5, who fitted up an appa¬ 
ratus for warming his study. The room was 18 feet long, 
14 feet wide, and 8| feet higli. The apparatus consisted of a 
box, or heater, made of two side plates of tinned iron, about 
3| feef long by 2] feet wide, separated about an inch by stays, 
and jointed round the edges by tin plate. This heater wag^ 
placed on its edge, near the floor of the room. It was fur¬ 
nished with a cock to let oiFt the air, and was supplied with 
steam by a pipe from a boiler, entering at its lower edge, and 
by tills pipe, the condensed water also returned to the boiler. 
The heating effect of this apparatus w'as not so great as was 
expected, in consequence, perhaps, of the bright metallic sur¬ 
faces of the box not being favourable to radiation. 

In 1791, Mr. Hoyle, of Halifax, took out a patent for heat¬ 
ing by steam pipes, and his method seems to have been the 
foundation for subseqftnt attempts. The steam was at once 
conveyed from the boiler, by a pipe, to the highest elevation 
of tlfe building required to be heated, and, from that point, by 
a gentle fieclivity, the condensed water flowed^into the supply 
cistern of the* boiler. -The effqpt of the pipes (which were of 
copper) waft too small, and as the apparatus was constantly 
getting out of order, it was pronounced a failure. 

In 1793, Mr. Green teok out a patent for a different method, 
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wMoh consisted in efclosing a hollow vessel, or worm pipe, in 
a boiler containing hot water or steam. The air, on its way 
to the room to be wiuined, was made to pass through this 
wonfl, an^ was thus heated to a§ agreeable temperature. By 
Miother method, pipes from a steam boiler were enclosed in 
other pipes, and, in the interval between them, the air was 
heated on its passage to the room. This apparatus was erected 
io a mansion on Wimbledon Common. The encased pipe was 
fixed along the ceding of the basement floor, with an inclina¬ 
tion of two inches in 68 feet. The inner stemn pipe was three 
inches in diameter, the outer pij)e nine inches, and both of 
copper. Tlie lower end of the casing pi|>e was left open for 
fhe cold air to enter ; the other end was joined to a pipe four 
inches in diameter, with three horizontal ell>ows, thaS roitc 
about twelve inches, where it oj>ened into the first suite of 
rooms that were to be,hcat4jd. It was suppowd that the air 
would enter ut one end in great quantity, and flow out 
through the small pipe at the other cud into the Vooms; 

efSeety however, was so feeble, that no useful heating was 
produced. 

About this time, steam was introduced into hoi-houses, not 
by circulating in pipes, but by being discharged into the body 
of the hotrhousc, the effect of which was to raise its tempera¬ 
ture and moisten the air to such a degree, that the plants 
grew rapidly and luxuriantly. It is also said to iiave had the 
eflect of destroying insects. 

In the winter of 1795-6, Mr. Boulton erected a steam hcat- 
ibg apparatus in the library of his friend, Dr. Withering, 
which, in point of heating, answeiftd perfectly; but the 
p^pes being made of copper, and soft soldered in some places, 
the smell of the solder was rather unpleasant to the Ddetor, 
who was then m an infirm state of health with disea^ lungs. 
The apparatus was, in cfnsequence, 'removed'to Soho, where 
Mr. Bonlton proposed erecting it in his own house, in which 
he was malting idterations about this time, and had it4n view 
jtojieat etery room in the bo^ by ateam. A boiler was put 
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op for that purpose in one of the cellatB, but some circ^pi* 
stance occurred to prevent his continuing the plan. The 
subject, however, underwent frequent discussions^ and the 
different modes of effecting it were amply considered by Messrs. 
Boulton and Watt, as was known to many of their friends, no 
secret having been made, either of cateulations of sur&oe, or 
of the modes of applying them.”* 

About the end of the year 1799, Mr. Lee, of Manchestdl*, 
under the direction of Boulton and Watt, erected a heating 
apparatus of casji iron pipes, whitdi served also as supports to 
the floor. This answered • perfectly, and was, in point of 
materials and construction, the earliest of its kind. Mr. 
Lee afterward^ had his house heated by steam, and the 'Stair¬ 
case, hall, and passagesy were warmed by the apparatus shewn 

in Fig. 42. It was placed*in the under¬ 
ground storv, and consisted of a vertical 
cast iron cylinder, a, surrounded by a 
casing of brick-work, leaving a spac^ 

€ e, of two and a half inches all roun^ 
and hqving opening^below, to admit 
the air. This casing was surrounded, 
at the distance of three or four inches, 
by another wall, forming a sort of well, c. 
The colder and heavier %ir falling to the 
bottom #f this well, entered by the 
holes, i, into the space, e, where it came in contact with the 
cylinder, o, and, being heated, ascended. The entrance of the 
steam into the cylinder^ was regulated by a valve, the air being ' 
allowed to escape by a stop-cock, while the steam was Entering; 
the condeilsed water esTcaping by a jppe not shewn in thb 
figure. Jhe transmission of the heated air was regulated by 
a valve at a, qp the top of the brick-work. This apparatus 
was so effective, and heated the staircase to such a degree, that 
after it had been in operation a short time, it was necessaiy 

V 

* Buchanan on ihc Bconomy Fud, <tc., 1810. Second Edition, IMSi 
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to^suspend its action by closing the voItc at a, or by closing 
the valve which admitted steam into the cylinder* 

The method of heating buildings by steam has scarcely 

r 

advanced since the time when Messrs. Boulton and \Vatt 
erected their apparatus for the purpose, and Mr. Buchanan 
wrote a practical treatise on the subject# The hot-water 
apparatus has, for the most part, superseded the steam appa¬ 
ratus, so that our details need not be very full. 

In establishments where a steam-engine is in daily use, the 
steam pipes may be supplied froni the engin^boiler, its dinoten- 
sions being enlarged at the rata of one cubic foot for every 
2,000 cubic feet of space, to be heated to the temperature of 
70® or 80°. A boiler adapted to an engine of one-horse power, 
is sulHcient for heating HO,000 cubic feet of space. Hence an 
apparatus speftially erected for the purpose, need not be of very 
large size, nor is the quantity of fuel consumed great. If the 
fire under a small boiler be carefully managed, 141bs. of New¬ 
castle coal will convert one cubic foot of water at 50°, into 
1,800 cubic feet of steam at 210°, and only 121b8. of coal 
are required to convert the same quantity of water into steam 
at 212°. The shape of the boiler, and the method of setting 
it, must also be considered, and the furnace must be arranged 
so as to admit no more air than is required to support the 
combustion. The hot air must also be kept in contact with 
the sides of the boiler, until a%much of the heat as possible be 
abstracted from it. In such an arrangement, according to 
Dr. Amott, nearly half of all the heat produced in the com¬ 
bustion is applied to use. 

In estimating the extent of surface of steam pipe required 
to raise the rooms to the proper temperature, it is necessary 
to consider hoif the heat is expended.* This is done in three 
ways :—1, Through the thin glass of the windows. 2, More 
slowly through the walls, floors, and ceiling; and^ 3, In com¬ 
bination with the air which escapes at the joinings of the win¬ 
dows and dbors, or through openings expressly made for the 
pdiposej^ ventilation. The amount of heat lost in this.way 
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has been variously estimated by different writers, but Dr. Ar- 
nott states it thus:—That in a winter day, with the external 
temperature at 10® below freezing, to maintain in an ordinary 
apartment the agreeable and healthful temperatufe of. GO®, 
there must be of surface of steam pipe, or other steam vessel 
heated to 200® (which is the average surface-temperature of 
vessels filled with Aeam of 21§®), about one foot square for 
every six feet of single glass window of usual thickness; ^ 
much for every 120 feet of wall, roof, and ceiling of ordinary 
material and thickness ; and as much for every six cubic feet 
of hot air escaping per minute as ventilation, and replaced by 
cold air. A window, with the usual accuracy of fitting, 
allows about eight feet of air to pass by it in a minute, and 
there should be for ventilation, at least three feet of air per 
minute for each person in the room. According to this view, 
the quantity of l^eam pipe, or vessel, needed, under the tem¬ 
perature supposed, for a room 16 feet square by 12 feet high, 
with two wiudows, each 7 feet by 3, and with ventilation, by 
them or otherwise, at the rate of sixteen cubic feet per minute^ 
would be— 

• Feet 

For 42 square feet of glass (requiring 1 foot for 6).. 7 

„ 1,238 feet of wall floor and ceiling (requiring 


1 foot for 120). lOi 

► „ 16 feet per minute for ventilation (requiring 1 

foot for 6). f . 22 

Total of heating surface required. 20 


Which is 20 feet of pipe, 4 inches in diarifeter, or any other 
vessel having the same extent of surface,—as a box two feet 
high, with square top and bottom of about eighteen inches. It 
may be ntticed, that nearly the same quantity of heated sur^ 
face would 8ufl5<;e for a larger room, provided the quantity of 
window gliya, and of the ventilation, were not greater; for 
the extent of wall, owing to its slow conducting quality, pro- 
duoes comparatively littlp effect. 
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The same excellent authority also supplies tlie following 
illustrations :—A heated surface, as of iron, glass, «tc., at tem¬ 
peratures likely to be met with in rooms, if exposed to colder 
air, gives ^out heat with rapidity, nearly proportioned to the 
excess of its temperature above that of the air around it, less 
than half the heat being given out by radiation, and more than 
half by contact of the air. Tlkus, if the diternal surface of an 
iron pipe, heated by steam, be 200"’, while the air of the room 
to bo warmed by it, is at 60'’, shewing an excess of temperature 
in the pipe of 140*’, such pipe will give out nearly seven times 
as much heat in a minute as when its temperature falls to 
so®, because the excess is reduced to 20", or -t of what it was. 
Supposing window glass to cool at the same rate as iron plate, 
one foot of the steam pipe would give out as much heat as 
would be dissipated from the room into the external air by 
about five feet of window, the outer surface which were SO” 

a 

wanner than that air. But as ghxss both conducts and radiates 
lieat about slower than iron, the external surface of the glass 
cOf a window of a room, heated to GO", would, in an atmosphere 
of 22", be under 50", leaving an excess of than 30"; and 
about six feet of glass would be ‘.cquired to dissipate the heat 
given off by one foot of the steam pipe. In double windows, 
whether of two sashes, or of double panes, only half an inch 
apart in the same sash, the loss of heat is only about one-fourtb 
of what it is through a single window. It is also known that 
one foot of black or brown iron surface, the iron being of 
moderate thickness, with 140" excess of temperature, cools in 
one second of time 15G cubic inches of water, one degree. 
From this standarS fact, and the law above given, a ro^gh cal¬ 
culation may be made for any other combination of time, 
surface, excess, and quantity. And it is to be recollected, that 
the quantity of heat which changes, in any degree, the tempe¬ 
rature of a cubic foot of water, produces the Eime change on 
2,850 cubic feet of atmospheric air. 

The arrangement of the steam pipes has next to be con¬ 
sidered. A common method is shewn in Fig. 43, in which 
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Fig. 43 . a is the pipe from the boiler, rising 

at once to th*e upper story. From 
this pipe proceed horizontal branch¬ 
es, It 6, to each floor. Elch branch 
is furnished with a stop-cock at o, 
by which means the steam can be 
turned on or otf at pleasure, in any 
one of the three stories. The watsr 
arising from the condemnation of the steam in each pipe, flows 
back into the boiler along the ascending pipe. But if it be 
not convenient to place the boiler below the level of the lowest 
floor, the condensed steam is received into a reservoir, from 



which it is pumped into the feeding cistern. At the extremity 
of each horizontal branch, c, is a stop-cock, which is opened, 
when the steam is filling, to allow the air to blowg>ff. 

Another arrangement of the heading pipes is shewn in 
44 . Fig. 44. Steam from the boiler 



I enters by the connecting pipe, ‘«, 

: into the heating pipe, 6, placed nea» 
' the floor, and this is carried, with a 
gelitle slope, to the opposite side of 
the room, whence it rises into the 
next story, and returns along its 
floor to the opposite side, where it 


rises to the tliird floor, and proceeds as before. Here, also, 


Uie condensed water flows back in a direction contrary to the 


current of the steam, and is removed by a siphon at a. The 


air-veiit is fixed at the highest point of the arrangement, c. 

It is necessary to prevent the condensed water from accu¬ 
mulating in the pipes, otherwise it would be impossible to 
maintain them at a uniform temperature. Moreover, this 
water coftdenscs the steam so rapidly, that a vacuum is formed 
within the bdiler and pipes; and should they not be firm 
enough to resist the external pressure of the atmosphere, the 
boiler may be crushed in, and the whole system derariged. By 
a tJJiecial arrangement, •the condensed water is collected ^afc 
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certaiD parts of the system, where it continues to give out heat 
after the steam has ceased to flow into the pipes. In such 
cases, stop-cocks may be employed, so arranged as to allow the 
water* to fee afterwards withdrawn from the pipes ; the same 
cocks also serve for letting the air out of the pipes when the 
steam is first admitted; but when the water is returned into 


the boiler, the advantage of this supply of heat cannot be 
reierved ; and in these cases, a self-acting apparatus is used 
for taking off the water of condensation. Such a siphon is 
Pig. 45. represented in Fig. 45. The pipes 

^ are so fixed, tliat a is the lowest 

1 point of a branch pipe, so that any 

quantity of water that may be formed 
in it, will flow into the siphon, A fi c, 
at A, and escape at c, where it may 
be received into any vessel, for as the 
water pure distilled water,* it may 
be useful for a variety of purposes^ 
The water in the legs of the siphon 
acts as a trap to tlic steam in the 
pipe, A; 'hence, the length of the leg^ 
A B, should not be less than is equiva¬ 
lent to the force of the steam in the 
pipes. When, for example, the steam 
is worked at the rate' of ten pounds 
per square inch, the column of water 
should not be le.ss than ten feet, and 
even with this pressure, there will be considerable oscillations, 
unless a valte be placed at some intermediate point between a 
and B. When the legs are both filled with water, and at rest, 
this valve should be open, bo as to close whenever the water 
has a tendency to return into the pipe. The siphon ^lould be 
large enough to carry off all the water of condensation, but 
not too large, or there would be a loss of heat in the leg, A B, 
^m its being filled with steam ; and, in all case^ the siphon 
^puld be protected from frost. In connection with the siphdn, 
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it is usual to place a cock for letting the air out of the 
pipe, instead of the stop-cock above referred to. Such a cock 
is shewn at E,*and it is made to range with the lower part of 
the pipe, because the air being heavier than steam, Vill occupy 
only the lower portion of it. 

In cases were sufficient depth cannot be afforded for a siphon, 
a steam trap, or valve, made to open by a float ball, is employed. 

*’’«• ■‘fi- Trcdgold's arrangement^ 

as follows:— c (Fig. 46^ 
is a square box attached to 
the end. A, of the steam- 
pipe j » is a hollow copper 
cylinder, fixed to a conical 
valve, e; when steam is 
condensed, the square box 
will fill with water, which 

a 

will float the hollow cylin¬ 
der, and the water will 
escape, and* run by the 
pipe, F, into the drain; 
whenever the quantity of 
water in the box is greater 


than is required just to float the cylinder, and wn%n there is 
less than will float it, the valve will bo closed. In this case 
a stop* cock, s, will be necessary to let out the air while 
the pipes are being filled with steam. 

The various methods of connecting the cast iron pipes are by 
the flange joint, and the spigot and faucet, or socket joint. Mr. 
Buchanan gives minute directions for these,but beseems inclined 
to recommend the thimble jfint. Care must, of courso^be taken 
in joining the pipes, to allow room for expansion. This is some¬ 
times done in the thimble joint (Fig. 47), in 
which the adjoining ends of the pipes, a i, 
are turned true on the outside, and have a 
thimble, or short cylinder of wrought iron, 
tOi enclose them, leaving only a small space 

G 5 
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for the current. A piece of tin, c, or inner thimble, is inter¬ 
posed, and made to Ht' well to the turned parts of the pipes, 
which, under the intluence of heat or cold, forwards or 
back wards,*likc a piston in a cylinder. In a Kinjfe of pipes 120 
feet in length, there was a motion from expansion of three 
quarters of an inch ; but the usual allowance for the expansion 
of cast iron pipes, is one eighth of an inch in 10 feet, or 
0 ^.,their length. Cast iron, heated from 32“ to 212 “, expands 
of its length, which is nearly one and three eightlis of an 
inch in 100 feet. A similar expansion joint applied to the 
Fig. 48. spigot and faucet connection (Fig.48),answered 



verv well. Lead cannot be .substituted for tin 
* 

or iron cement in joints, for, by frequent head¬ 
ing, it becomes permanently expanded, while 
the iron pipes always contractijig in cooling, 


and the lead not participating Jn the contraction, the joints 
soon get loose. Count llumford IRroduced an expan^^ion drum, 


a- (Fig. 49), of thin copper, ;bet\veen the exireiuities of two 


Fig. 49. ^ pipes, a i, which, in elongating, preased the 
sides of the drum inward.s, and in cooling 
s drew them outp^rds. The pipes .*< 1100 Id not 

, f \ - be connected wdth any part of tlie building, 
but be quite independent thereof ; all the 
—- — ■ 1 horizontal branclic.s should be supported on 

1 ^ roUera, and nothing done to interfere with 

LI the expan.sion of the diHcrent i)art3. 

In private dwellings, where the appearance of the pipes is 
objectionable, they may be concealed behind perforated mould¬ 
ings, or skirtings, or, cornices; or the steam may be brought 
into omdfeaental vases dispersed ab^t the room, each furnished 
with a small stop-cock, to allow the air to escape while the 
steam is entering. ' 

The method of heating buildings by steam Has been long 
superseded by hot water apparatus of various kinds, which, 
however, may be resolved into two distinct forms or modifica- 
tioi^ dependant on the temperature of the water.' In tlie 
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firit form of apparatus, the water is at or below the ordinary 
temperature of boiling. In this arrangement the pipes do not 
rise to any considerable height above the level of the boiler, so 
that the apparatus need not be of extraordinary strength. • One 
pipe rises from the top of the boiler, and traverses the places 
to bo warmed, and returns to terminate near the bottom of the 
boiler. Along this tube the heated water circulates, giving 
out its heat as it proceeds. The boiler may be open ar 
dosed. If open, the tube, when once filled with water, acts 
as a siphon, having an ascending current of hot water in the 
shorter leg, and a descending current of»cooled water in the 
longer log. If the boiler be closed, the siphon action disap¬ 
pears, and the boiler with its tubes become as one vessel. In 
the srxotid form of apparatus, the water is heated to 350“ and 
upwards, and Ls, therefore, constantly seeking to burst out as 
steam, with a force of TUlbs. and uj)wards on the square 
inch, and can only be confincif by very .strong or high pressure 
apparatus. The pi}>e i.s of iron, about an inch in diameter, 
made very thick. The length c.xtends to l,0t)0 feet anih 
upward.s, and where much surface i.§ required for ^dving out 
heat, the pi^ie is coiled up lit:e a screw. A similar coil is also 
surrounded by the burning fuel, aud servos the place of a oiler. 

, The heating of rooms by the circulation of hot water in 
])ipe.s, seems to have occupied the attention of a few speculative 
individuals, long before the attempt wa.s actually made. The 
first successful trial is assigned to Sir Martin Triewald, a Swede, 
who resided for many years at Newcastle-on-Tyne, and about 
the year 171fi, described a- method for warming a greenhouse 
by hot water. The water wift boiled outside the building, and 
then conducted by a pipe into a chamber under the plants. 

Put the first succes-sful attempt, on a large scale, was made 
in France, in 1777, by M. Boniiemain, in an apparatus for 
hatching chicHens, for the purpose of supplying the market of 
Paris. A*section of this heating apparatus is shewn in Fig. oO, 
in which a is the boiler, d a feed-pipe, o a stop-cock, for 
regulating the quantity of ascending hot water, h ^he 
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pipe by which the hot water ascends from the boiler into 

the heating pipes, c c, which traverse the hatching cham- 

^'*8' her. These heating pipes 

have a gradual slope towards 

the boiler, to wKich the water 

returns by the pipe, e, carried 

s nearly to the bottom. In this 

way the water, cooled by being 

p circulated through a long' 

series of pi[>es, is being con- 

'tantly returned to the lowest part of theboiler> where it receives 

a fresh amount of heat, and being thus rendered lighter, rises up 

the pipe, and descend.s the inclined plane.s of the pij»s, losing 

a portion of its heat on the way, and at the same time increas- 

‘ing in <lcnsity the^geloeity of the current depending on the 

difference between the temperature of the water in the boiler, 

and that in the descending pipe. At the highest .point of the 

appjiratus is a pipe, i, furnished witli a .4op-cock for the escafK* 

ol the air which the cold^ water holds in solution on entering 

the boiler. The water that rises along with it i.-^ received 

< 

into the vessel k. ^ 

The arrangements of this apparatus are excellent j they 
have been taken as a model in many subsequent method^, 
although the merits of the inventor have not always been 
acknowledged. The plan was introduced into this country in 
by the Marquis de Cliabannes, who was long regarded 
.IS the inventor. About the year 1622, Mr. Bacon and Mr. 
Atkinson introduced,modifications of the apparatus, but the 
latter gentleman succeeded in rMucing it to its most simple 
and practical form. 

.Whatever be the arrangement adopted for warming build¬ 
ings by this method, two considerations must be specially 
attended to, namely, sufficient strength to bear tfie hydrostatic 
pressure, and freedom of motion for currents of water, of vary¬ 
ing temperatures, and consequently of varying densities. As 
finids transmit their pressure equally’ in every direction, a 
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colurm of water rising from a strong vessel to a certain height, 
may bo made to burst the vessel wit^ enormous force. Thus 
a tube whose sectional area is one inch, rjping to the height of 
34,^ feet from the bottom of a vessel of water, will, if the tube 
be also full of water, exert a bursting pr|psure on every square * 
inch of the inner surface of such vessel of one atmosphere, or 
1511)8. If the sectional area of the tube be increased, the pres¬ 
sure remains the .same, because it is distributed over a larger 
surface of. the vessel. If a boiler be 3 feet long, 2 feet wide, 
and 2 feet deep, with a pipe 28 feet high from the top of the^^^ 
boiler, when the apparatus is filled with water, there will be a 
pressure on the boiler of 6G,81Glbs. or very nearly 30 tons. 
This will shew the necessity for great strength in the boiler, 
especially when it is considered that the effect of heat upon it 
is to diminish tlie cohesive force of i^particles. But even 
suppo.sing the apparatus were to burst, no danger would arise, 
because water, unlike steam, has but a very limited range of 
elasticity. The boiler just described would contain about 75 
gallons of water, which under a pres.sure of one atmosphere dh 
the square inch would be compressed about one cubic inch; 
and if the apparatus were to burst, the expansion would* only 
be one cubic inch, and the only effect of bursting, would be a 
ci’acking in some part of the boiler, occasioning a leakage of the 
water. 

The circulation of the water is brought about by the princi¬ 
ple of convection already explained in the case of air (page 31).* 
When heat is applied to a vessel containing water, the prin¬ 
ciple of conduction altogether fiils, for water is so imperfect • 
a conductor of heat, that if the fire be applied at the top, the 
water may be made to boil there without greatly affecting the 
temperature below. But when the fire is applied below the 
particles in contact with^hg bottom of the boiler, being first 
affected by *the heat, expand, and thus becoming specifically 
lighter ftian the surrounding particles, ascend, and other par¬ 
ticles take their place, which in like manner becoming heated, 
ascend also; and the* process goes on in this way untii the 
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whole contents of the boiler have received an accession 
temperature. If the process be continued lon^ enough, the 
water will ^boil andjpiiss off in steam ; if the boiler be closed 
in on idl sides, so as to prevent the escape of steam, it will 
* burst with a feaiful ^xplosion. If a tube full of water rise 
firom the top of the boiler in a vertical line to any required 
height, and tlien by a series of gentle curves descend, and 
eiiVer near the bottom of the boiler, the process of heating is 
still the same. The particles of water first heated, will rise, 
and, in doing so, distribute their heat to other particles, which 
will also rise ; these in their turn will lose a portion their 
heat to other particles, which rise iu their turn; until at length 
an equilibrium is established. But a.s the source of heat is 
permanent, other particles are rapidly brouglit under its action, 
and, being heated, aq^nd. By continuing the i)roce8S a short 
time, the particles in the*vertical tube become heated, and, by 
their expansion, exert a pressure on the water contained in the 
lateral branches ; this, together with the incrcjising levitv of 
the water in the boiler, establishes a current, and the water 
from the branches begins to set in, in the directitm of the 
boiler; the nrater in the lowest branch, where it enters the 
toiler, supplying colder and heavier particles every moment to 
take the place of the warmer and ligliter particles which are 
being urged upwards along the vertical pipe. 

Now to ascertain the force with which the water returns to 
*the boiler, we must know the specific gravities of the two 
columns of water, the ascending and the descending, and the 
difference between them will be the effective pressure, or motive 
power. This can be done by ascertaining the temperature of 
the water in the boiler, and in the descending jiipe. When 
the difference amounts to only a few degrees, the difference iu 
weight is very small, but quite sufficient in a well arranged 
apparatus to maintain a constant circulation, f'or example, 
suppose an apparatus to be at work, in the teni|pcrature 
in the descending pipe is 170", and the %!mperature of the 
wate? in* the boiler, the height of wliich is 12 inches, is 178". 
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The difference in weight is 8.16 grains on each square inch of 
the section of the return pipe. If* the boiler, a (Fig. 51), be 
two feet high, and the distance from the top of the upper 
pipe, c, to the centre of the lower pipe, (f, be 18 inches, and 
the pipe four inches in diameter, the difference of pressure on 
tlie return pipe will be 1^3 grains, or ^out one-third of an 
ounce weight, and this will be the amount of motive power of 
the apparatus, whatever be the length of pipe attached toii. 

51 • If such an apparatus have 100 

yards of pipe, four inches in 
diameter, and the boiler con¬ 
tain 30 gallons, there will 
be 190 gallons or l,9001ba. 
weight of water kept in continual motion by a force equal to 
only one-third of an ounce.* 

The amount of motive power incrc^^ses with the size of the 
pipe. The power being four times as great in a pipe of four 
inehes in diameter as in one of two iiichc.s, as the former con- 
t.'iiiis four times as much water as the latter; but as the resisi^ 
ance increases equallj#(vith the power, the actual working effect 
i.s tlie .same in pipes of all .sizes. The motive power is increased 
by allowing the water to cool before it returns to the boiler, 
or by increasing the lieight of the absconding and descending 
columns of water. Jly doubling the difference of temperature 
between th6 flow-pipe and the return-])ipe, the same increase 
of power i.s obtained as by doubling the vertical height; and 
by tiij^ing the difference in temperature, tho same effect is 
produced as by trij*ling the vertical heiglit. The ditferenoe 
in temperature may also be^ increased by*mcreasing the quan¬ 
tity of pipe, or by diminishing its diameter, so as to expose a 

* Mr. Hood in his Treatise on Wanning Buildings by ^ot Water, 
itc., givc.s a tal)4c .shewing the difference in weight of two columns of 
water, eacli,one foot high, at various temperatures. The writer takes 
this opportunity of expressing his obligations <*0 this valuable work, to 
which he refers the reader who desires to master the subject on which it 
treats. * • • 
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^ Ui^r amount of surface, in proportion to the quantity of 
water contained in it, so, aS to allow it to part with more heat 
within a ^ven time. But the method which must be princi¬ 
pally depended on, when additional power is required to over¬ 
come any unu.sual obstruction, is to increase the height o( the 
ascending column. 

Another method of estimating the velocity of motion of the 
Water of a hot-watcr apj)anitus, is to ijcgard the two portions 
of the system, as the lighter and heavier fluids in the two 
hmba of a barometrical aeriometer. This instrunient is an 
inverted siphon, Fig. 52, and its use is to ascer¬ 
tain, in a rough way, the specific gravities of immu*- 
ciblt? fluids. If mercury be petured into one limb’ 
A, and water into the otlier, it, and the sto|>-(*ock 
at r be turned, so a.s to establi.'tli a eonnnuniefition 
between them, it will he flaind that an ineli of 
mercury, F n, in one limb will balance thirteen-and- 
u-half inches of water, 11 ;, in tlie other limb ; thu.« 
shewing that the densities, or specific gravities, of 
the two fluid.s, arc as thirften-and-a-half to one. 
If oil be Ui^ed instead of mercury, it will require 
ten inches of oil to balance nine inchc.s of water. 
Or if equal bulks of oil and water be poured into 
tlie limbs of the siphon, and the stop-cock be then turned, the 
oil will be forced upwards with a velocity equal to that.which 
a solid body would acquire in falling by its r»wn ^ivity, 
through a space equal to the additional height wliich the 
lighter body would occupy in the siphon. Now tis the rela¬ 
tive Veights of wate^ and oil are ijs nine to ten, the oil in one 
limb will be forced upwards by the water with a velocity equal 
to that ifhich a falling body (in this case, the water) would 
acquire in falling through one inch of spsvce, and this velocity 
is equal to 138 feet per minute. 

In estimating the ijelocity of motion of the water in a hot- 
water apparatus, the same rule will apply. “ If the average 
teihperature be 170®, the difference belwcen the temperature 
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of the ascending and descending columns 8®, and the height 
ten feet; when similar weights of water are placed in each 
column, the hottest will stand .331 of an inch higher than the 
other; and this will give a velocity equal to 79.2 feet per ndinute. 
If the height be five feet, the difference of temperature remain¬ 
ing as before, the velocity will be only 5$.2 feet per minute ; 
but if the difference of temperature, in this last example, had 
been double the amoimt stated;—that is, had the differenee 
of temperature been 10“, and the vertical height of the pipe 
five feet,—then the velocity of motion would have been 79.2 
feet per minute, the same as in the first example, where the 
vertical height was ten feet, and the difference of temperature 

But, in all these calculations, a considerable deduction must 
be made fur the effects of friction. In the centre of the 
ascending pipe, the heated particles ^eet with the smallest 
amount of obstruction, and there the motion is quickest ; but 
at and near the circumference of the pipe, the retarding 
effects of friction are most apparent. In the descending pip*^ 
the friction is less, for the water descends more as a whole, 
and is, moreover, assisted Sy the gravity of the mass. In an 
apparatus, where the length of pipe is not great, where the 
pip3.s ai’e of large diameter, and the bends and angles few, a 
Lwge deduction from the theoretical amount must still be 
made, to represent, with anything like accuracy, the true 
velocity; and Mr. Hood states, that in more complex appara¬ 
tus, the velocity of circulation is so much reduced by friction, 
that it will sometimes require from 50 to 90 p^ cent., and 
upwards, to bo deducted from the calculated velocity, in order 
to obtain the true rate of circulation. 

The amount of friction not only varies according to the 
arrangement of the apparatus, but also according to the size 
of the pipes.* It is much greater in small pipes than in 
large one^, on account of the relativelyMarger amount of sur¬ 
face in the former; besides this, small pipes cool quicker than 
large ones, and this ihereases the velocity of the circulatjpp. 
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a&d with it, the friction is also increased. When the Telocity^ 
wiiii which the water flows, is the same in pipes of diflerent 
rises, the relative amount of friction is as follows :— 

r 

Diameter of the pipes, ^ inch, 1 in. 2 in. 3 in. 4 in. 
The amount of friction, 8, 4, 3, 1,3, 1, 


So that, if the friction in a pipe of 4 inches diameter be 
ptppeaented by 1, the friction of a pi|^ 2 inches in diameter 
is twice as much, and a 1-ineh pipe four times as much. By 
increasing the velocity, the friction increases nearly as the 
squM^ of the velocity ; but as the water in a hot-water appa¬ 
ratus circulates with various degrees of speed in its different 
parts, it is not easy to calculate the amount of friction from 
this cause. 


It will be seen, then, that when all the deductions are made. 


the circulation of the WQter is produced by a very feeble power, 
so that, as may be supposed, a very slight cause is sufficient 
to neutralise it. Mr. Hood ha.s known so trifling a oireumstance 
Tls a thin shaving accidentally getting into a pipe, effectually 
to prevent the circulation in an apparatus otherwise perfect in 
all its parts. 

But the great point to be attended to, is so to di.spose the 
pipes, that the water, in its descent, may not be obstructed by 
differences of level, or angles in the pipes, where air may 
accumulate ; for this, by dividing the stream, eflectually pre¬ 
vents the circulation. For example, in an apparatus constructed 

ia the form represented in 



Fig. 03, the motion through 
the boiler and pipe, a b, takes 
place by convection, and 
through the descending pipe, 
c D, by the force of gravity, 
as already described. Buti 
it will be seen, that when the 


motion commences in the return pipe, n b, in consequence of 


the* greater pressure of c d than of a b, the water in a will be 
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forced towards e, while the water me f gh flows towards o. 
But when a very small quantity of hot water has passed from 
the pipe and boiler, a ^ into the pipe e /, the column of water, 
g h, will be heavier than the column e f, and the Current will, 
therefore, tend to move ^onj^ the upper pipe towards the 
boiler, instead of from it. This force, whatever its amount, 
must oppose that in the lower or return pipe, in consequenoe 
of the pressure of o d being greater than a b ; and unless tSie 
force of motion in the descending pipe, o d, be sufficient to 
overcome tliis tendency to a retrograde motic^i, and leave a 
residual force sufficient to produce direct motion, no circulation 
of the water can take place. 

With respect to the accumulation of air in the pipes, every 
part of the apparatus, where an alteration of level occurs, must 
be furnished with a vent for the air. Thus, in Fig. 53, if the 


air accumulate in the pipe between a and c, it is evident that 
a vent at c, although it would take off the air from g h, and 
from 0 1 ), could not receive any portion of that which is con¬ 
fined between a e, or between ef, because, in that case, it muji 
descend through the pipe, ef, before it could escape, and as 
air is so very much lighfer than wiiter, it cannot possibly 
descend so os to pass an obstruction lower than the place 
where it is confined. The same remark applies to all cases, 
howevei large or small the descent may be, and the accidental 
misplacing of a pipe in* the fixing, by which one end may be 
made a little higher than the other, will as effectually prevent 
the escape of air through a vent placed at the lower end, as* 
though the deviation from the level were as.many feet as it 
may, perhijps, be inches. 

When it is required to heat a number of separate stories by 
the same boiler, one of two methods may be adopted. The 
vertical pipe from the boiler taay be carried up to the highest 
story, and thte return pipe meander through each story, until it 
finally terminates in the boiler. But it is obvious that in 
such case, the top story will get the larger share of the heat, 
{Oad the lawer stories will be gradually less heated, on accqimt 
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of the cooling of the water in its passage to the boiler. The 
second method is to supply each story with a separate range 
of pip^ branching out from the ma^ pipe, and returning 
either together, or separately, into the boiler. The appli¬ 
cation of this principle, however, Squires caution, for if the 
branch pipes are simply inserted into the side of a vertical 
ascending pipe, the hot current may pass by, instead of flow¬ 
ing in^ them. Some contrivance is, therefore, necessary to 
delay the motion of the upward current, and to cause it to 
turn aside at tj|e points required. This may be done by the 
arrangement shewn in Fig. 54, which is also copied from 

Mr. Hoods work. Hero it will 
be perceived, that as the water 
ascends from the boiler, b, it 
receive.^ a check at 6, whereby 
it tends to flow through the 
horizontal j>ipe, at that level. 
The same also occurs at c, and, 
by this means, a nearly equal 
flow of hot water may be ob- 
taincli. If it be required to 
cut oil’ the supply of heat from 
one story, while the others 
are being heated, this may 
done by turning a stop-cock at 
s, by which the heated current 
is prevented from flowing along 
the particular branch so closed. But whenever a branch is 
dosed as at s, it is necessary also to close the other end, t, of the 
same branch, otherwise the water in the descending return 
pipe, E, being warmer and lighter than that in the branch 
dosed at s, win circulate therein, *and thus raise the teinpora- 
ture of the room intended to be kept cool. * 

In some arrangements, the hof ascending current of the 
vertical is made to discharge into an open cistern at the 
topj fi® from the bottom of this cistern thd 


Fig. 54. 
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various flow pipes are 
made to branch oif. By 
this means, the expense 
of cocks or valves is 
avoided; for by driving 
a wooden plug into one 
or more of the pipes 
which open into the illb-' * 
tern, the circulation will 
be stopped until the apparatus is heated; but, in that case, 
water will flow back through the return pipe. This, however, 
may bd prevented, by bending a lower portion of the |^tum 
pipe into the form of an inverted siphon, as shewn in the figure. 
This will not prevent the'circulation when the flow-pipe is 
open ; but if that be closed by a plug in the cistern, the hot 
wMter will not return back through the lower pipe. Any 
sediment that may accumulate in the siphon may be removed, 
from time to time, by taking otf the cap at the lower part of 
the bend. * 

In such an arrangement as that shewn in the last i|ro 
figures, the vertical main pipe need not be of larger diameter 
than the branches, unles.s the!?o extend to a very considerable 
distance, and then ^ic diameter of the main pipe may be some¬ 
what enlarged. It is not, however, desirable to increase the 
diameter of the main, because it is an object to economise the 
heat in this })ipe, and there are grcumstances in which a smalli^ 
main loses less heat than a large one, as, for example, the 
arrangement shewui in Fig. 55. If one main pipe, eight inches • 
in diameter, supply four branches in a given time, it is evident, 
that by reducing the main to four inches in diameter, the 
wster mu^ travel four times faster through the smaller pipe to 
perforA the same amount of work ; and, under such circum¬ 
stances, the water will lose only half as much heat in passing 
through the small main as it would do in ascending the larger 
one, for the loss of heat sustained by the water is directly as 
ftie time and the surface conjointly. , • • 


Fig. 55. 
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Hence, in warming by the same boiler two rooms separated 
from each other by a considerable distance, the pipe connect¬ 
ing the two rooms may bo of smaller diameter than the pipes 
used for diffusing the heat. Thus*a pipe of one inch diameter 
may be used to connect pipes four inches in diameter. 

The great specific heat of water, whereby it i.s enabled to 
retain its heat for a rerv long time, has been already shewn 
(page 42) to be a great advantage of thi.s method of warming 
buildings. The rate at whicli tliis apparatus cool.><, depends 
chiefly on the quantity of water contained in it with respect to 
the amount of surface exposed, and the excess of temperature 
of tljp apparatus above that of the .surrounding air ; hut for 
temperatures below the boiling point, thi.s last circumstance 
need onlv be taken into account in*estimating the velooitv with 
which this apparatus cools. Now the variation in the rate of 
■cooling for bodies of all .shapes, Is inversely as the mass divided 
by the superficies. In cylindrical iJi])es, tlic inverse number 
of the mass divided by the surperficie.s is exactly equal to the 
inverse of the diameters ; so that, su]>posing the temperature 
t(^ be the same in all, 

In pipes of . 1 2 3 4 inche.s diameter, 

The ratio of cooling will be 4 2 1.3 1 
That is, a pipe of one inch in diameter will cool four times aji' 
quickly as a pipe of four inches in diameter, and .so on. Thc.se 
ratios multiplied by the excess of heat in the pipc.s above that 
of the surrounding air, will give the relative rates of cooling 
for different temperatures below 212"; but if the temperatures 
be the same in all, the simple ratios given above will shew 
their relative rate of cooling witliout multiplying by the 
temperatures. 

These calculations supply practical rules for estimating the 
size of the pipes under different circumstances. If the heat 
be required to be kept up long after the fire is extinguished, 
large pipes should he used ; if, on the contrary, the heat is not 
wanted after the fire is put out, then small ones will answer 
tbe*purpoBei Pipes of larger diameter than four inches should 
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never be used, because they require a very long time in being 
heated to the proper temperature. Pipes of four inches in 
diameter are well adapted for hob-houses, green-houses, 'and 
conservatories. Pipes of two on three inches may ^ us&d for 
warming churches, factories, and dwelling-houses; such pipes 
rqtain their heat for a sufficient length of time, and they can 
be more quickly and more intensely heated than larger pipes, 
so that, on this account, a smaller quantity of pipe will ofterf^ 
suffice,. 

\V"ith respect to the quantity of pipe* required for warming 
a building of ascertained size, it is necessary to bear in mind 
tlie rate at which a given quantity of hot wattfr, in an iron 
pipe, will impart its heat to the surrounding air. Now, it 
has been she^wi by Mr. Hood, that the water contained in in . 
iron pipe four inches in diameter internally, and four and a half 
inches externally, loses . 801 of a degree of heat per minute 
wlien the excess of its temj)craturc is 12/)'^ above that of the 
surrounding air ; and, as one cubic foot of water in losing 1® of 
its heat will raise the temperature of 2,990 cubic feet of air* 
the like extent of 1", so one fijot lengtli of four-inch pipe will 
heat 222 cubic feet of air 1" per minute, when the difference 
between the temperature of the pipe and the air is 125®. . 

We must now take into account the loss of heat per minute' 
arising from tlic cooling jiower of glass, ventilation, radiation, 
cracks in doors and windows, and other causes. An allowance of 
from three and half to five cubic feet of air ought to be made 
per minute for each p(#son in the room, so that, for the pur¬ 
poses of respiration, this quantity will have to be discharged, 
and an ccjual supply of air brought in to be warmed. 

One square foot of glass will cool 1.279 cubic feet of air as 
many degrees per minute as tlie internal temperature of the 
room eifteeds the temperature of the external air. If the 
difference between them be 30“, the 1.279 cubic feet of air 
will be cwled 30" by each* square foot of glass, that is, as 
much heat as is equal to this will be given off by each squa];;e 
fo3t of glass. * . • • 
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From these and other calculations, for which wc must refer 
to Mr. Hood's able work, the following corollary is drawn :— 
“ The quantity of air to be warmed 4|)er minute in habitable 
’ rooms an^ public buildings, most be three and a balf cubic feet 
for each person the room contains, and one and a quarter cubic 
feet for each square foqt of glass. For conservatories, forcing- 
houses, and other buildings of this description, the quantity 
2 f air to be warmed per minute must be one and a quarter 
cubic feet for each square foot of glass which the building 
contains. When the,quantity of air required to be heated 
has been thus ascertained, the length of pipe which will be 
necessary to heat the building, may be found by the following 
rule;—multiply 125 (the excess of temixTaturo of the pipe 
above that of the surrounding air) by the difference between 
the temperature at which the room is purposed to be kept 
when at its maximum^ and the temperature of the external 
air; and divide this product by the ditference between the 
temperature of the pipes and the proposed temperature of the 
^ room; then, the quotient thus obtained, when multiplied by 
the number of cubic feet of air to be warmed per minute, and 
this product divided by 222 (the number of cubic feet of air 
];ai9ed 1* per minute by one foot of 4-incli i)ipe) will give 
• the number of feet in length of pipe four inches diameter, 
which will produce the desired effect.” 

When 5-inch pipes are used, the quantity of pipe required 
to produce the same effect will, of course, be different To 
obtain it, the number of feet of 4-incii pipe obtained by the 
above rule must bo multiplied by^l.33. If 2-mch pipe be 
used, the quantity of 4-inch pipe must be multiplied by two. 

If we wish to determine the quantity of pipe required to 
maintain a constant temperature of 75” in a hot-house, we 
must suppose the external air occasionally to fall us low as 
10^, and calculate from Ihis temperature. The amount of 
heat to be supplied by the pip€8 is obviously ths.t which is 
. axpended by the glass, the cooling power of which is exactly 
ppjportioned to the difference between the internal and the 
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external temperature, the actual cubical contents of the house 
making no difference in the result. If such a house hare 800 
square feet of glass, it can easily be calculated from the preced* 
ing data, that this quantity will cool down l^HK) cubic feet of 
air per minute from 75" to 10", which will require 202 feet of 
4-inch pipe. If the maximum temperature of the pipe be 
200", and the water be at 40" before lighting the fire, the . 
maximum temperature will be attained in about four hours 
and a half; with 3 inch pipe in about three hours and a quar¬ 
ter j and with 2-inch pipe in about two hours and a quarter ; 
depending, however, upon the structure of the furnace, and 
the quantity of coal consumed. If the external temperature 
be higher than 10", the effect will be produced in a proportion*- 
ally shorter time. 

In cliurches and large public rooms, with an average 
number of doors and windows, and moderate ventilation, a 
more simple rule will apply for ascertaining the quantity of 
pipe required. Where a number of persons are assembled, a, 
large amount of heat is generated by respiration, so that a 
very moderate artificial temperature is sufficient to prevent the 
sensation of cold. In such a case, the air does not require to 
be heated above 55" or 58", and the rule is to take the cubical 
measurement of the space to be heated, and dividing this 
by 200, the quotient will be the number of feet of 4-inch pipe 
required. 

The efficiency of any form of hot water apparatus will, of 
course, greatly depend on the boiler, which ought to be so 
constructed as to expose the largest amount of surface to the 
fire in the smallest space; to absorb the heait from the fuel, 
so that as little as possible may escape upf the chimney; to 
allow fr%e circulation of the water throughout its entire ex¬ 
tent, and no^ be liable to get out of order by constant use. 

A variety pf boilers are figured in Mr. Hood’s work, and their 
respective merits considered on scientific grounds. One of 
these boilers is shewn ip Fig. 56. It is of cast iron, and the 
part exposed to the fire is covered with a series of ribs 

H 
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*Sl***' inches deep, and about one-fourth oi 

three-eighths of an inch thick, radiating 
from the crown of the arch at an aver 
age distance of two inches from eacl 
other. These ribs greatlj increase the 
sur&ce exposed to the fire, exactly where the cATect is greatest; 

being immediately over the burning fuel, it receives the 
whole of the heat radiated by the fire. The form of this 
boiler being hemispherical, will also expose the largest amount 
of sur&ce within a given area. The boiler shewn in Fig. o 1, 
being of wrought iron, and, therefore, thinner than cast iron, 
absorbs the greatest amount of heat from the fuel. 

With respect to the size of the boiler, it has been shewn 
by experiment that four square feet of surface in an iron boiler 
will evaporate one cubic foot of water per hour when exposed 
to the direct action of h tolerably strong fire. The sanie ex¬ 
tent of heating surface which will evaporate one cubic foot of 
jvater per hour from the temperaturo of .>2" will be sufficient 
to supply the requisite amount of heat to 232 feet of 1-inch 
pipe, the temperature of which is required to be kept 140” 
above tbe surrounding air; or one square foot of boiler sur¬ 
face exposed to the direct action of the fire, or three square 
feet of flue sur&ce, will supply the necesssary heat to about 58 
superficial feet of pipe, or, in round numbers, one foot of boiler 
to 50 feet of pipe. But as this is the maximum effect, a 
mmewhat larger allowance ought in general to be made. If 
the difference of temperature be 120** instead of 140”, the 
same sui&ce of boiler will supply the requisite amount of heat 
to onc-sixih more pipe, and if the difference be only 100®, the 
none bmlerwxll sdpply above one-third more pipe than the 
quantify mated. ^ , 

^'fiTith reqpeci tb the frimace, the rate of comlpistion of the 
will depend chiefly on the size of the furnace-bars, pro- 
rUdb^l^e frunace door be double and. fit tightly. The ash-pit 
l«o4di|aiao be provided with a door to^ exclude the excess pf 
the fire is required to bum riowly. A dumb-p&te 
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should also be proTided, to cause the combustioa idiobe most 
active at the hinder part of the fhmace instead of directly 
under the boiler. The fuel will thus be graduallj ^ke^ the 
smoke consumed, and the fuel economised. 

In an apparatus containing 600 feet of 4*iii0h ^ipe, the 
area of the furnace bars should be 300 squeste iselMilh ve thht 

14 inches in width and 22 inches in length will give the 
amount of surface required. To obtain the greatest heat in 
the shortest time, the area of the bars should be proportion* 
ally increased, so that a larger fire may be obtained. The 
fire ought at all times to be kept thin and bright, and to 
obtain a good effect from the fuel, one pound weight of coal 
ought to rai*^ SOlbs of Abater from 32“ to 212“.** 

The best kind of pipes for hot water apparatus are those 
uith sockei-ioiiits, flange-joints having long been out of use 
fur this purpose Where the socket-joints are well made, there 
i J no fear of leakage, for the pipes themselves will yield before 
lie joints will give way, or before the faucet end of one pipe 
can be dravin out of the socket of the other. The joints 
must be well caulked with, spun yarn, and filled up with 
iron cement, or with a cement made of quicklime and lin¬ 
seed oil 

Soft i»r ^ain-water ought always to be used in the hot 
water apparatii'!, because, if hard water be used, its salts will 
fonn a sediment or crust in the boiler, and interfere with its 
action. But as there is very little evaporation from this kind 
of apparatus, the boiler will not require cleaning out for years, 
if a moderate degree of attention be bestowed the water 
employed. 

When the apparatus is not in use, care must be taken to 
prevent tl^ water from freezing in the pipes, or the sudden 
expansive force^of the water in freeing may mradc them. If 

* In the C(gnish engines C5t, and even SSlbs of water have been 
raised from 32“ to 212“, by the combustion of one pound of coal. This 

15 a more favourable result than has beenjiroduced with any other 
oilers or qualities of coal, tfian those employed in th^ Mpeiiiaent • • 

H 2 
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the apparatus is not likely to he used for some time during' 
winter, it is better to empty the pipes than incur the risk of 
freezing. Ji has been proposed to fill the pipes with oil in¬ 
stead of water, and as the boiling point of oil is nearly three 
times higher than that of water, it was thought that a tem¬ 
perature of 400“ might be safely given to the pipes. It was 
found, however, that the oil at high temperatures became thick 
"^nd viscid, and at length changed into a gelatinous mass, com¬ 
pletely stopping all circulation in the pipe.n. • 

In the forms of apparatus to which the i>receding details 
refer, the temperature of the water never rises to the ordinary 
boiling point (212“); but we have now to notice a method, in 
which the teinperature of the water is often beyond 300“; 
this is the high-pressure method contrived hy Mr. Perkins.* 
In its simplest form, the apparatus consi.sts of a continuous or 
endless pipe, closed in*all parts, and filled with water. There 
is no boiler to this appai-atiis, its place being supi)lied by 
coiling up a portion of the }uj>e (generally one-sixth of the 
whole length) and arranging tliis in tlio furnace. The remain¬ 
ing five-sixths of the jtipe are lie^tcd by tlie circulation (T the 
hot water, whicli flows from the top of the coil, and cooling in 
its progress through the building, return.^ to the b<>ttom of the 
coil to be re-beated. The diameter of the pipe is one ineli ejjter- 
nally, and half an inch internally, and is formed of wrought iron. 
The coil in the furnace being entirely surrounded by the fire, 
the water is quickly heated, and becoming also filled with in¬ 
numerable bubbles of steam, these impart a groat specific 
le^’ity to the "ascending current. At the upper part of the 
pipe, the steam hubbies condense into water, and uniting 
with the column in the return jiipe, which is comparatively 
cool, the descent is rapid in proportion to the expansion of 
the water in the ascending column, or, in other words, ac- 

* One authority on this subject, is Mr. llichardeon’s Tvmim on th*; 
Warming and VmtUaiion of BvihHny», fshov'ing tlm odtavtagi'H of the 
Improved System of Heated Water Circulation, dc. Second Edition, 
Lsndon, 1839. 
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cording to the relative specific gravities of the two columns of 
water. 

As the expansive force of water is almost irr€|gistible, in 
consequence of its extremely limited elasticity, it is necessary 
in the high pressure apparatus to make some provision for the 
expansion of the water when heated. The necessity for this 
will appear from tlie fact, that water heated from 39.45® (the 
point of greatest condensation) to expands about part 
of its bulk; and the force exerted on the pipes by tliis ex¬ 
pansion, would be equal to 14,12libs, on the square inch. 
The method adopted, is to connect a large pipe, called the ex¬ 
pansion pi[)c, 2.) inches diameter, with sofne part of the appa¬ 
ratus, either horiztuitally or vertically. It should be placed 
at the highest [)oint of the apparatus, and at the bottom of 
the expan.^ion pipe is inserted the filling pipe through which 
the ai)paralus is filled. While the apparatus is being filled 
w'ith water, tlio expansion tube is left open at the top; water is 
then poured in through the filling tube, and as it rises in the 
pipes, drives out the air before it. W'^hen the pipes are full, 
the filling pipe and the exiiansion tube are carefully closed 
with screw plugs. It is important to expel all tlie air from 
tlie pipi'.«, and this is done, in the first instance, by pumpiug 
the water repeatedly througli them. The expansion pipe 
is, of course, left empty, as it.s use is to allow the water 
in the pi}>e3 to expand on being heated, and thus pre¬ 
vent the danger of bursting. From 15 to 20 per cent, of ex¬ 
pansion space is goncniUy allowed in practice. 

The furnace is generally so arranged in the building re¬ 
quired to be heated, as to allow the tube proceeding from the 
top of the coil to bo carried straight up at once to the highest 
level at which the water has to circulate; here the expansion 
tube is situated, and from this point, two or more descending 
columns he formed, which, after circulating through 
dilferent and distant part.s of the building, unite at length in 
one pipe, just before entering the bottom of the coil in the 
furnace. * * 
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The whole arrangement will be better understood by refei*- 


Fig. a: 


ff&'wy tvlf 


Fixpajistan 

tnhe 




ring to Fig. 57, in which a is 
the ascending column ; 6, the 
expansion tube ; c, the de¬ 
scending columnar and t/, 
the coil in the furnace. 

The heat is communicated 
to the air of the rooms from 
the external .surface of the 
pij)es, which are coiled up as 
at e f, and placed within 
^pedestals, ranged about the 
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f-^^^room with o|K;n trelli.s w'ork 
in front, or they may be sunk 
in stone tioors, placed behind 
• .skirtings, or in the fire i»laccs 

of eacli fioor, the Hues being 
stopi»od, or arranged in any 
other convenient manner. 

In consequence of the great 
internal ])rcssurc, wliich these 
tubes have to susbiin, con- 

__ sideruhle care is required in 

their manufacture. Thev are 

_ ~ ='~ made of the best wrought 

iron, rolled into sheets a 
quarter of an inch thick, and 
of the proper width. The 
edges are then brought nearly 
together, the whole length of 
the iron, which is generally 
turuiny •// ihr ftbout 12 fcct. Ill this statc it 
cmuUtio^frmthc ^ furnace, and 

foils y^h€^t dennd , 

heated to a welding heat. 

One end is then grasped by an instrument firmly attached to 
an«endless chain, revolving by steam power, and a man applies 
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a pair of circular nip])ors, which, when closed, press the tube 
into the required size, and which he holds firmly while the 
tube is drawn through them by the engine. The edges are 
thus brought into perfect contact, and are so eompletely 
welded after passing two or three times through the nip¬ 
pers, that a conical piece of iron driven into the end of 
tlie tube will not open it at the joint sooner than at any other 
part. 

^V’hen the tubes are screwed together at each end, they 
are proved by hydrostatic pressure, with a force equal to 
3,0()01bs. on the square inch of internal surface. In this state 
they arc sent to London, and such is tlie purity and ductility 
of the iron, that tlie tubes can be easily bent, while cold, into 
coils of dilfcrent si/x-s and shapes, as required. 

^\l^en the tubes are properly arranged and fixed in the 
building, the whole apparatus is filled with water by a force 
pump, and subjected to considei’able’pressure, before light¬ 
ing the fire. In this way, faulty pipes or leaky joints are 
deU'cte<l. , 

The tubes are joined by placing the ends within a socket, 
forming a right and left Iftwid screw, the edge of one tube 
having heen ilattened, and tlie other sharpened : they arc then 
''S. screwed so tightly together, that the 

> ■ -. sharpened edge of one pipe is in- 

I y 'I* ~ dented in the fiattened surface of the 

** other. Another method of connect- 

.^ ing the pipes is by a cone joint. A 

double cone of iron is inserted into the ends of the pipes 
to be joined, and is made tight by two screw bolts, as 
shewn in Fig. 58, This joint is quickly made, and is very 
strong. 

The ftirnaco varies in form and dimensions according to cir¬ 
cumstances ; •but a very commop. arrangement is shewn in 
Fig. 50. iThe size is about three and a half feet square, in¬ 
creasing to six feet, according to the extent of pipe connected 
with it. The fire occupies a small space in the centre, raised 
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ahranoement of tub furnace. 



about one foot 
from the g^'ound, 
and tho fuel is 
supplied through 
the hopper door, 
m,at the top. The 
outer casing, a, 
is of common 
brick-work j I />, 
arc Welsh fire- 
lumps ) c f, are 
iire-brick.s, sup¬ 
porting the coil, 
k d d, reservoirs 
for tho dust and 


soot, which would 

otherwise clog the coil; </, bearing bars for the grate ; /t, the 
grate : the fire-door is double, and there are al.so doors tw 


the ash-pit and dust reservoirs. 



Fig. 60 shews the descending tube 
entering the fire-chamber, and 
passing through the bearing bans, 


!///) uf the grate, h. Fig. 61 is a 
section of the back well or reservoir, d d, formed so as to sup¬ 
port the coil, and to cause the soot and du.st to fall to tlie bottom. 


In this arrangement of the furnace, the ignited coal is sur¬ 
rounded on three sides by a thickness of nine-inch fire-brick, 
or Welsh lumps; the hopper door is also placed in one 
*■*8- 61. of these lump.s; the coil is contained 

in a chamber round the fire-brick, fouj. 
and a half inches wide; the pipe enters 
this chamber, passing through the bear¬ 
ing^ bare of the grate, which tends to 
preserve the grate from burning; the 
pipe passes out from the top of the 
coil, at the upper part of the chamber. 
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The smoke passes through the chamber containing the pipes, 
and escapes through an opening at the back. The coil is in 
actual contact with tho lire only in front. Tlie best fuel for 
this furnace is coke or Welsli hard coal, such a.s is notr liable 
to clog. The furnace may be placed in a cellar, or be com 
pletely removed from the building to be warmed. The heat 
of the furnace can bo moderated by closing the ash-pit door, 
and opening the furnace door, or the reservoir doors, so as t'>" 
le.sscn the draught and admit cold air to the coil. 


In the ai)paratus erected at tlie Rritish Museum for warm¬ 
ing the print-room and the Inrd-roora, the furnace is in a vault 
in the basement .st(U'y, and the pipes, entering a flue, are 
carried up about forty feet t<t two pedestals, one in each room ; 
one containing 'b»0 feet of pipe, and tlio other 400 feet. About 
1 10 feet of i)ipo are emplnyud in the Ilow and return pipes in 
the flue, and 150 feet are coiled up ii^the furnace. In this way, 
1,050 feet of pipe are employed : the apparatus is very powerful, 
and supplies the re(piisite amount of heat. The print-room is 
abuut 10 feet long, by 30 feet wide, and the ceiling contain# 


largo skv-light.s. 
tainod in this rot 


'I'he temperature of 05*’ can easily be main- 
)in during winter. The fire is lighted at 0, 


A.M., and i> allowed to burn briskly till sulHeient heat is pro¬ 


duced in the rooms, when the damper in the flue is partially 


closed. A slow fire is thus maintained : at 11, a.m., afresh 


supply of fuel is addeil, and this supports the fire till 4, p,m., 
when all the fires at the IMuscuiu are extinguished.* 

The above details will sullice to show the nature and appli¬ 
cation of tliis apparatus. For its adaptation to houses and 
public buildings, under a greater variety of circumstances, we 
must refer to Mr. llicliardson’s work. We fully agree with 
him, that in any building where this apparatus is intended to 


* Mr. Hood •states, on the contrary, that, owing to the smallness i.{ 
the japes the high-jwessure apj)aratus, the coil cools so rujiidly when 
the lire slackens in intensity, that the heat of tlie building is materially 
ajjeeted by the least alteration in the force of the fire, instead of main¬ 
taining that jionnancne^. of tcmjjeraturo «hich is so j>eculiarl>fc^he 
eharacteri.stic of tlie hot-water ajiparatus with large pipes. 

U 0 
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be erected, it ought not to be introduced as an after-thought. 
“ It should be remembered, that as its complete success, and 
its economical character, depend, in a great measure, upon due 
consideraAon of its benefits being given at the,commencement 
of a building, so it ought, in future, to engage the primary 
consideration of the arcliitect and builder.” 

It is, however, of great imjwrtauce, to ascertain whether 
■iiihis apparatus is perfectly safe, for even a doubt on the subject 
must be fatal to its general introduction. The average tom- 
jKirature of the pipes is stated to be gencniUy abemt 3d0‘'; but 
a very material difterence in temperature, amounting sometimes 
til 200'* or 300", is said to occur in diiTcrent jiarts of the appa¬ 
ratus, in con.?equcncc of the great resi.stanco wdiich the w'ater 
meets with in the numerous bends and angles of this small 
pipe. The temjicrature of the coil will, of course, give the 
working effect of the a^aratus, but the temperature of any 
part of the pipe will furnish data for estimating it.s .safety ; for 
whatever is the temperature, and, consequently, the preasiiro 
*in the coil, must be the pressure on any other i»art of the 
apparatu-s; for by the law of equal pressures of lliiid.s, an in¬ 
creased pressure at one part will genenite an equally iucrcascd 
pressure at every other ])art of the sy.stem. 

A very elegant method of ascertaining the tempcratuitj of a 
heated surface of iron or steel, consists in filing it bright, and 
then noting the colour of the thin film of oxide which forms 
thereon.* Mr. Hood states, that in some ap])aratus, if that 
part of the pipe which is immediately above the furnace be 
filed bright, the iron will become of a straw colour, showing 
a temperature of about 450". In other instances, it will be- 


* Steel becomes a very faint yellow .... 

at 


pale straw’ colour .... 

n 

9) 

full yellow .... 
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brown .... 
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brown, with purple spots . 
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come purple=aboiit 530”, and, in some cases, of a full blue 
colour=5G0”. Now, as there is always steam in some part of 
the apparatus, the pressure can be calculated from the tempe¬ 
rature, and a temperature of 450"= a pressure of *4201138. on 
the square inch; 530"=9001bs.; and 5G0®=l,150lbs. per 
square inch. 

Although these pipes are proved, at a pressure of nearly 
3,0001bs. per square inch, and the force required to break 
wrought iron jiipe of one inch external, and half an inch inter¬ 
nal diameter, requires 8,8221b.s. per square inch on the internal 
diameter, yet these calculations are taken for the cold metal. 
Hy exposing iron long continued heat, it loses its fibrous 
te.vturc, and acquires a cry.stallinc cliaracter, whereby its tena¬ 
city and cohesive .strength are greatly weakened. 

Ill order to make this apparatus .safe, Mr. Hood suggests 
that, instead of hermetically sealing the expansion-pipe, it 
•should be furnislied with a valve, so contrived, as to preris with 
a weight of 1351bs. on tiie .square inch. This would prevent 
the temperature from ri.sing above 350" in any part: the* 
pressure would then be nine atmospheres, which is a limit more 
than sufficient for any working apparatus where safety is of 
importance. 

But, sujqiosing tlie apparatus were to burst in any part, the 
effects would, by no means, resemble those which accompany 
the explosion of a steam boiler. One of the pipes would, pro¬ 
bably, crack, and the water, under high pressure, escaping in 
a jet, a portion of it would be instantly converted into steam, 
Avhile that which remained as Avater would sink to 212". This 
Avould have the effect of scalding Avater under ordinary circum* 
stances, but the high pressure steam Avould not scald, because 
its capacity for latent heat is greatly increased by its rapid 
expansion, on being suddenly liberated, so that instead of 
imparting heflt, it abstracts heat from surrounding objects. 
The only feal danger that would be likely to ensue, would be 
from the jet of hot water, and this must, in any case, be of 
tripling amount. • 



PART II 


CHAPTER I. 

f*N THE r.ESERAL PttlXClPLES OF VENTILATION : ANI> THE 
METHOD OP VENTILATING BUILDINGS, SifiPS, ETC., BY Fl’ON- 
TANEOU8 ACTION, AND BY MECHANICAL CONTKIVANCES. 

Reaumur remarks, “ f’o que la Nature a}q)rend est s^u tie 
bonne heiire,” and as Nalqre is the l)e.st,a'< well arf the earliest, 
teacher, we take our tir.'^t oxamj)le, in tlic lii.story of ventilation, 
from the lower animals, and, we venture to assert, that a more 
^difficult, or, ai>parentlyj more hopele.s.s problem, doe.< not exist 
in our rooms and crowded assemblies, our mines and shij)s. 
than in the case about to be ju-oposed. 

Imagine a dome-shaped building, perfectly air-tight, except 
through a small hole at the bottom, capable of (attaining 
thirty or forty thousand animals, full of life and activity ; 
every portion of the enclosed space that can be spared being 
tilled ivith curious machinery ; the problem is, how to warm 
and ventilate such a space, .so as to maintain a proper temp(;- 
rature, and yet to give to every individual within it a proper 
supply of air. 

Now' this Is the condition of a common bee-hive, imd we 
may remark, that if, with all our machines, and contrivances, 
and scientific resources, the combined operation ofVarming 
and ventilating a room be difficult or unsatisfactory, how in¬ 
finitely more so must be that of a small bee-hive, crcfwded with 
bees, the greater part of the interior filled up with combs of 
wM.en cells, and only one small opening for the ingress and 
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ef'res.s of the inhabitants, or for the escape of foul air and the 
entrance of fresh. 

In a common hive, there is absolutely no other door or 
window, or opening-, than this small entrance hole;'for, on 
takings possession of a new hive, the bees stop up all the cracks 
and cliinks, with a resinous substance named proixdis, for the 
purpose of keeping out insect depredators; and the proprietor, 
with the same o))joct, generally plasters the hive to the stoot, 
and, in order to keep off the rain, covers it with a heavy straw 
caj), or turns a large pan over it. 

It must not bo supposed that, because the vitality of insects 
is greater than that of warm-blooded animals, bees are not 
atlected h.y the same agencies which affect m, for they are so, 
and in a similar manner : they.fall down apparently dead, if 
confined in a close vessel; they perish in gase.s which destroy 
us ; they perspire and faint with tpo much heat; and are 
frozen to death by exposure to too much cold. 

Huber introduced some bees into the receiver of an air- 
pump. They bore a cuii'^iderable rarefaction of the air wdih'- 
out any a[)}>arent injury : on carrying it further, they fell 
down motionless, but revived on exposure to the air. In 
another expt'riifient, three gla^s vessels, of the capacity of six¬ 
teen fluid ounces, tvere taken ; -50 worker bees were intro¬ 
duced into one, the .same number into another, and loO males 
into tlie third. The first and the third were shut close, and 
tin* second was partially closed. In a quarter of an hour, the 
workers in the close vessel became uneasy; they breathed 
with ditHculty, jicrsiiired copiously, and licked the moisture 
from the sides of the vessel. lu another quarter of an hour, 
they fell down apparently dead. They revived, however, on 
exposure to the air. The males were affected more fatally, 
for nolle survived; but the bees in the vessel which admitted 
air, did not*sufier. On examining the air in the two close 
vessels, •tlio oxygen was found to have disappeared, and was 
replaced by carbonic acid: other bees, introduced into it. 
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perished immediately. On addins a small portion of oxygen 
.gas to it, other bees lived in it; but they beciune insensible 
instantly on being plunged into carbonic acid, and revived on 
exposure to* the air: they perished irrecoverably in nitrogen 
and hydrogen gases. Similar experiments, performed with 
the eggs, the larvte, and the nymphs of bees, proved the con¬ 
version of oxygen into carbonic acid, in all three .states. The 
' l&rvte consumed more oxygen than the eggs, and less tlum the 
nymphs. Kggs, put into foul air, lost tlieir vitality. Larva) 
resisted the pernicious influence of carbonic acid l)ettcr thfin 
the perfect insect would have done, but the nymphs died 
almost instantly therein. 

These, and many other analogous experiments, prove that 
the respiration of bees has a similar vitiating effect upon a 
confined atmosphere, as the respiration of larger animals, and 
that bees require constaiit supplies of fresh air, in the same 
manner as other living creatures. They also require their 
dwelling to be kept moderately cool. A\’hcn from any cir- 
^uance, such as exposure to the sun, overcrowding, or the 
excitement produced by fear, anger, or preparation for swarm¬ 
ing, the temperature of the hive is greatly raised, the bees 
evidently suffer. They often fK?rspire so copiously, as to 
be drenched with moisture; and on fine summer nights, 
thousands of them may be seen hanging out in festoons 
and clusters, for the purpose of relieving the crowded state of 
the hive. 

On inquiring into the method adopted by the bees for 
renewng the air of the hive, Huber was struck by the constant 
appearance of a number of the workers arranged on each side 
of the entrance hole, a little within the hive, incessantly en¬ 
gaged in vibrating their wings. In order to see what effect 
a similar fanning would produce on the air of a glass receiver, 
containing a lighted taper, M. Senebier advised him to construct 
a little artificial ventilator, consisting of eighteen ti«i vanes» 
This was put into a box, on the top of which was adapted a large 
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cylindrical vessel, of the capacity of upwardsof 3,000cubic inches. 
A lighted taper, contained in this vessel, was extinguished in 
eight minutes ; but, on restoring the air, and setting the ven* 
tilator in motion, the taper burnt brilliantly, and dbntinued to 
do so as long as the vanes were kept moving. On holding 
small pieces of paper, suspended by threads, before the aper¬ 
ture, tlie existence of two currents of air became evident; 
there was a current of hot air rushing out, and, at the sam?- 
time, a current of cold air piissing in. On holding little bits 
of paper or cotton near the hole of the hive, a similar effect 
was produced : tliey were impelled towards the entrance by 
the in-going current, and when they encountered the out-going 
current, they were repelled with equal rapidity. 

Tliese two currents are established in the hive, by the fan¬ 
ning motion of the bees’ wings. The Avorker bees perform 
tlie oiRco of ventilators, and the number, at one time, varies 
from eiglit or ten to twenty or thirty, according to the state 
of the hive and the heat of the weather. We have frequently 
watched their proceedings with interest. They station them'-^ 
selves in lile.'<, just within the entrance of the hive, with their 
liead.s toward.s the entrance, while another and a larger party 
stand a considerable way within the hive, with their heads 
also t<jw'ard.s the entrance. Th*ey plant their feet as firmly as 
possible on the fioor of the hive, stretching forw'ard the first 
pair of legs, extending the second pair to the right and left, 
wiiile the third, being placed near together, are kept perpen¬ 
dicular to the abdomen, so as to give that part a considerable 
elevation ; then uniting the twm wings of each side by means 
of the small marginal hooks with wiiich they are provided, so 
as to make them present as large a surface as possible to the 
air, they vibrate them with such rapidity, that they become 
almost invisible. The two sets of ventilators, standing with 
their heads Opposed to each other, thus produce a complete 
circulation of the air of the hive, and keep down the tempera¬ 
ture to that point which is fitted to the nature of the animal. 
When a higher tempeiature is retfuired at one particular s^t, 
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aS) for example, on the combs containing^ the young brood, the 
nurse bees place themselves over the cells, and by incims- 
ing the rapidity of their respirations, produce a large 
amounf of’animal heat just where it is wanted. The car¬ 
bonic acid, and other products of respiration, arc got rid of by 
ventilation. 

The laborious task of ventilating the hive i.s seldom or never 
‘ '’intermitted in the common fonn of hive, eitlier by day or by 
night, during summer. There are separate gang.s of venti¬ 
lators, each gang being on duty for about half an hour. In 
winter, when the Wes arc quiet, and their resjuratioii only 
just suHicient to maintain vihility, the ventilating jiroce-ss i.s 
not earned on ; but by gently tapping on the hive, its inmates 
wake up, inerea.'^e the juimber of their re.-^piratiuns, and, con¬ 
sequently, the temjtcraturo of tlie liive, to sueli a degrcis that 
the air becomes intolerably hot and vitiated. To remedy this, 
a number of worker bees go to the entrance of the hive, and 
begin to ventilate the interior a.'' laboriously as in sunimei', 
‘idthough the open air be too cold for them to venture 
out. 

Bearing in mind the details given in the iiitro<luction 
and the conclusion arrived at, ^»agc 11). that tlic animal frame 
is a true apparatus for combu.stion, we can unJensLund how 
bees regulate the temperature of tlicir hive : when greater 
heat is wanted, they increase the rapidity of their respiratiun.s, 
or. in other words, they bum more carbon ; but they get rid 
of the products of combu.stion, and also jirevent the heat from 
accumulating, by the process of ventilation. Bee.'<, in general, 
maintain a temperature of 10" or 15" above that of the exter¬ 
nal air; but, at certain periods, tliis temperature is greatly 
increased. Mr. Newport observed, in the montii of June, 
when the atmosphere was at 56" or 58", that the temperature 
of the hive was 96" or 98*. This high temperature arose from 
the nurse bees incubating on the combs, and voluntarily in¬ 
creasing their heat by means of increased respiration. In 
winter, on the contrary, when only just sufficient heat is 
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required to maintain vitality, less carbon is burnt, and the 
temperature of the hive is accordingly low. In one observa¬ 
tion by Mr. Newport at 7.15, a.m., on the 2nd January, 1836, 
when there was a clear intense frost, and the thermonieter in 
the open air stood a little above 17®, a thermometer perma¬ 
nently fixed in the hive, marked a temperature of 30®, or two 
degrees below the freezing point. The bees were roused by 
tapping on the hive, and in the course of sixteen minutes, the 
thermometer rose to 70®, or 53® above the temperature of the 
external air. On another occasion, when the temperature of 
the hive had been raised to about 70®, the external air being 
at 40'*, the bees soon cooled it down to 57® by their mode of 
ventilatitui, and kept it at that point as long as the hive con¬ 
tinued to bo e.veiled. 

By this process of ventilation also, bees get rid of noxious 
odour.s in the iiive. Huber found tljat, on introducing into 
tlie hive some penetrating vapour, disagreeable to the bees, 
they always increased the amount of ventilation, until they got 
rid of it. Humble-bees adopt the s;ime method of dispelling 
perniciuu.s odoui-s; but it is remarkable, that neither their 
males, nor those of domestic bees, seem capable of using their 
wings as ventilators. “ Ventilation is, therefore,” says Huber, 
one of the industrial operations peculiar to the workers. The 
Author of Nature, in assigning a dwelling to those insects 
where the air can hardly penetrate, bestows the means of 
averting the fatal ctFocts which might re.sult from the vitiation 
of their atmosphere. Perhaps the bee is the only creature 
entrusted with so important a function, and which indicates 
such deliciicy in its organization.” 

The circumstances under which our rooms are placed, are 
far more favourable to ventilation than the bee-hive. Whether 
the ventilation be left to chance, or whether any special appa¬ 
ratus bo erected for the purpose, the foul vitiated air must 
be got rid of, and fresh air, adapted to the purposes of respi¬ 
ration, admitted in sufficient quantity, that is, at the rate of 
aSout four cubic feet? per minute for each individual in *^ie 
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room. The air must leave tlie room at certain openings, 
or be ^drawn out of it thereby at this rate, >\'hile a similar 
amount of fresh air must enter to su])ply the loss, or, to speak 
more ’accurately, the force or impetus of tlie incoming air 
ought slightly to comiJrcss the air of the roo^i, ami assist the 
elfiui of the vitiated air, luid this, in its turn, ought to be so 
heated, as to ha^’e a certain amount of ascentional force over 
that of the incoming air. In some cases, meclianical means 
are necessary to expel the air, such as fanners, bellows, pumps, 
&c., but it is generally more convenient, iis well as economical, 
to tnist to the natural method of getting rid of the vitiated 
air, by making certain ventilating tubes or ojicnings at the 
highest point of the room towards which the hot air tends to 
flow.* 

The same cause which produces the draught of comm<»n 
chimneys, and of the gljMSS chimneys of our oil and gas lamps 
will, if circumstances be favourable, set in motion and dis¬ 
charge the vitiated air of our rooms, at the stime time that it 
*brings in the fresh. For example, the air of a common chim¬ 
ney, under tlie influence of tlio lire, expands according to a 
law applicable to all gases, namely, of its volume for each 
degree of Fahrenheit’s scale from 3’J“ to 212“. Xow if a 
chimney or ventilating flue were ten feet high, and the tem¬ 
perature of the column of air within it w'erc raised 20“ above 
the temperature of the external air, the exj>ansion would 
be or -o*jtli of its bulk. This would so far diminish 

the specific gravity of the heated column, that it would require 
10^ feet thereof to balance a column of the external air of 

• It may be as m'cU to mention, that some nriters have divided arti¬ 
ficial ventilation into two branches, which they call pienuinmA vacuum. 
By the first, air is forced, by mechanical contrivances, into tkj interior 
of a bnilding, and the vitiated air is allowed to escape hy openings 
contrived for the purpose ; by the second, the vitiated air is drawn out 
of the building by means of mechanical contrivances, or flirough the 
agency of heat artificially exdlted, and the fresh air thus finds an en- 
tin:ce through channels adapted to the purpose. 
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10 feet. ^ It has been already stated (page 83), that the velocity 
of efflux is equal to the velocity of a heavy body falling||hrough 
the difference in height between the two columns ^ and in the 
caselbefuro us, the difference of five inches is equal to 5.174 
feet per second, or 310 feet per minute; and this is the 
velocity with which a heated column of air would be forced 
through the ventilating tube or chimney; and supposing the 
dimensions of this to be one foot square, then 310 cubic feet of 
air would escape per minute. This, however, is the theoretical 
amount, which does not take into account the retarding effects 
of friction arising from the roughness of the tube, or any 
angles or bends in it, or the incresised density of the hot air 
from tlic presence of carbon from the fuel, in a minutely 
divided .state. In practice, it is usual to allow from -^th to |rd 
for tile effects of frieij||n. 

As the velocity of a falling body, in a second of time, ia 
known to bo ciglit times the square root of the height of the 
de.scent, in decimals of a foot, so the velocity of discharge per 
second, through vent tubes or chimneys, may bo briefly state<( 
as equal to eiglit times tjje square root of the difference in 
height of the two columns of air, in decimals of a foot. 
This number, reduced one-fourth for friction, and the re¬ 
mainder multiplied by GO, will give the true velocity of 
efflux per minute; and the area of the tube, in feet, 
or decimals of a foot, multiplied by this last number, 
will give the number of cubic feet of air discharged per 
minute. 

In estimating the total height of a column of heated air, wo 
must calculate the. total vertical height from the floor of the 
room to he ventilated to the top of the tube, where it dis- 
.ehaiges into the open air. All horizontal bends and angles 
may be neglected, for these make no difference in the vertical 
height, but only increase the amount of friction, and deprive 
the heatSd column of a portion of its ascentional force, by 
cooling. As the vertical height of the column gives the velo¬ 
city of discharge in tlfe ratio of the square root of the height 
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of the column, it is necessary, where several vent tul^s be em- 
ployedgfthat they all be of the some vertical height, or the 
highest vent will prevent the elRcient action of the lower ones, 
so thal there may actually be a smaller discharge through two 
tubes than through one only. 

So also, when several openings are made above tlie level of 
the floor of a room, the highest may bo the only one capable 
of acting as an abduction lube, the other lower openings 
often serving as induction tubes, discharging cold air into the 
room instead of taking it out, and, in doing st», lower the 
temperature of the hot vitiated air, and i»revont ij^ from 
escaping; thus not only causing the bad air to he breathed 
over again, but filling the room with unpleasjint dniughts. 
But if the highest abduction tube be too small to carrv 
off the requisite quantity of liot air, ^\q lube next below it 
in elevation at any part of the room will act as an abduction 
tube. 

If the lower openings for the admission of cool fresh air 
\e too small in proportion to those fur the escape of the liot 
air, a current of cold air will descend through one part of the 
hot air tube, and the hot air will ascend through another part 
of the same tube, an etfect which we have already seen takes 
place in the ventilation of a bee-hive. Thi.s ellcet may also 
be shewn by a very plea.sing exjHirimont. Place a liglited 
taper in a flat dish, and cover it with a glass receiver, fur¬ 
nished with a long glass chimney placed immediately over the 
flame. If the bottom of the receiver docs not come into very 
close contact with the dish, enough air will enter to support 
comhu.stion, and the draught or current of hot air will escape 
up the chimney, and the taper will continue to bum for any 
length of time. If we now shift the receiver a little on one 
^de, so that the flame may not be immediately under the 
chimney, the products of combustion will impinge upon the 
glass, and cooling down and mingling with the air o{ the re¬ 
ceiver, will contaminate it so much, that the taper imn^e- 
diffbely begins to burn dimly, and will soon be extinguished. 



EXPERIMENTAL ILLTJ8TEATION8. 


165 


Oil bringing the chimney over the flame, it will speedily im¬ 
prove in appearance; the smoke and other products ef com¬ 
bustion will be rapidly discharged, and the recei^r will be¬ 
come bright and transparent as before. But suppose we cut 
(iff all communication with the external air from below by 
pouring a little water into the dish, so as to cover the mouth 
of the receiver, we shall then have the case of a room which 
is provided with a vent tube near the ceiling, but has no pro¬ 
vision for admitting fresh air from any lower openings; in 
such case, the fresh air will seek to enter by the ventilating 
tube. If this be large enough, the outgoing hot air and the 
incoming cool air will divide the tube into two parts. But if, 



as in the experiment before us, the 
ventilating tube or chimney be too 
* narrow, the hot and cold currents will 
inteifere with* each other; the ten¬ 
dency of the hot air to rise and of the 
cold air to descend, will prevent the, 
escape of the one and the entrance of 
tln^other, and the taper will soon be 
extinguished for want of fresh air. 
But if the chimney be divided into 
two portions by a flat strip of tin 
plate passed down it, as in Fig. 62, 
and the taper be lighted and placed 
in its former position, it will continue 
to burn for any length of time; for, by 
this arrangement, the two currents of 


hot and cold air are prevented from interfering with each 
other; the hot air will pass up one channel and escape, and 
the C 0 I 4 air will descend the other channel to feed the flame. 
By hiding a^piece of smoking paper or the glowing wick of 
a taper on one side of the chimney, the smoke will be drawn 
down, thereby indicating the descending current of cool air; 
^ile, on the <^her side, the smoke will be driven up by the 
asc^ding current of lea ted air. 



ventilation at different 8EA8<>NS. 

In Hio 8BIDO maimer these counter currents may be fre¬ 
quently noticed in churclies and other crowded places, where 
due pnmelqn is seldom made for the entrance of fresh air, and 
the escape of the foul. It is usual in summer to mitijifatc the 
edects of the hot vitiated atmosphere, by throwing open tlic 
W&kdows. A portion of the foul air, it is true, escapes by 
• those channels, but a counter current iinmodiutely sets in 
through each of them, exposing the i»erson^ near tliem to the 
dangerous effects of draught, and also cooling the foul air 
which is seeking to escape, and sending it down tu be breathed 
over again. 

Now, in order that these open windows or any other >en 
tilating openings be effective, it i'^ neees>.ary that the lower 
openings for the admission of fre^h air be jis numeroo',, or, at 
least, as large as the upper one", and larger if po"."il)le. By 
msdong these lower opening”*, or induction pipes, or ihairs. or 
valves, or any other contrivances both mmiorou" .lud lajmcious, 
entering current in broken up and di\ided, and cold 
draughts are avoided. This remark is equally applic.ihlo to 
fresh air, which has been pre\iou"ly wanned by any artilicial 
process; for, by admitting it into the room tlnough numerous 
channels, it distributes its warmth more equally, and does, not 
rise to the ceiling too rapidly. 

Ventilation is more difficult in summer than in w inter, be¬ 
cause, in wrarm weather, the difference Ijetween the internal and 
the external temperature is much less tlian iii cfdd W'cather. 
In all cases of spontaneous ventilation, it will, therefore, be ne- 
cessaiy in summer to increase the number or the siZiC of the 
ventilating tubes. When these tubes are constructed, their 
number and size ought to be adapted to the full amount 
of summer vmitilation. In winter, some of them can be 
clos^, and others, if too large, ought to admit of beim re¬ 
duced iu size.* * 

I 

® l^rforated zinc is new getting into nse as a ventHstoT. The pang 
of ihrthest from the fire place and in the upper roW is iakna oat, 
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Tre(lgold,in his work on Wanrmg and Ymidaiing (Second 
edition. London, 1836), has given some very sensible direc¬ 
tions for the ventilation of a church, which, of course, appjy 
equally to any other public building, and, to a certain extent, 
to private liouses. He advises, thafthe spaces for the admis¬ 
sion of cold air be abandantly large, and divided as much m 
I'ossible; they should be in or near the floor (see Fig. 65), so 
liiat the air may not have to descend ujwn any one j by 
making the o})onings largo, and covering them on the inside 

itli rather close wire work (sixty-four apertures to the square 
ir><:l.) most of the current may be prevented; nnd it may be 
suil further prevented by th*inging tubes under the paving to 
admit fresh air into the central parts of the church. Of 
course th(;se openings must be provided with shutters, so as 
to close tliem when desirable. Provision should be made for 
the escape of the warm air at different parts of the ceiling, 
through air-trunks furnished with registers. The form of the 
mouth of the vent tube, is a circular aperture, with a , 
balanced circular register plate, P (Fig. 64), to close it 
Tliis plate should be larger than the aperture, i[n or^er 
tliat the air may be drawn into a horizontal current, for 
the purpose of taking awny the portion of air next the 
ceiling. If the tube were left without a plate, the air im¬ 
mediately under it would press forward up the tube, and 
very little of the worst air which collects at the ceiling 
would escape. 

A flat or level ceiling is not well adapted to the purposes of 
ventilation; hut a still worse form of ceiling is that which is 
divided into coffers, for in these the air collects, gets cooled, 
and descends. For eff^tive ventilation, ceilings ought always 
to be donyj-shaped, coved, arched, groined, or of the form of a 
truncated pyr^d, as shewn in Fig. 63, so as to rise in the 

and its place supplied with a sheet of zinc, having 220 perforations , to 
the ^uarc inch. Panes of perforated glass are also abundantly supplied, 
as well as glass louvres. * • 
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ti3. centre, and at the 



adopted; they are not innch more expensive than tlat 
ones; they have a better etrect, and are vastly siij»erior jus 
far as ventilation is concerned, snpfu'sin^r an 0 }>enin^' be made 
in the central or hijrhest point for the e.-^cajte (»f tljc vitiated 
air. 

As it is not always pos.sible to conduct the vent tube at once 
in a vertical line from tiie hitrhest j)i>iut (d‘ the ceilinj:, there is 
no objection to giving; it a horizontal direction for some dis- 
, tance. In Fig. 04, the vent tube, a n, is honziuilal. and 


J iir. (>4 








conducted between the timbers of a floor. This tigure also 
.shews how the timbers may be disposed, .so that tlu've msiv 
be a rise in the centre without loss of .“pjicc.* c is a cord 
pfussing over a pulley, n, for raising or lowering the register 
plate, p. This plate Is balanced by a wpight attached to the 

* In Trcdgold’s figure, the timljcrs on each side of the Ventilating 
opening, n, are made to clip, as shewn in the dotted liilc at t, (Fig. 64). 
This ought always, if possible, to be avoided, as it prevents the free 
passage of the air; and even such a slight impediment as this might 
cause a stratum of air near the ceiling to cool and descend before it had 
thMte to escape up the opening. 
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lower part of the cord, which parses down nearly to the floor 
of the room, where it is secured by a hook. 

^\^lerc the vent tubes can be carried up vertically from the 
ceiliiiir to the top of the building, it i.s always better to clo so, 
because the friction of the hot a.sccndiug current is thereby 
diininislied. If the vent be made through the ceiling of a 
church into the space in tlic roof, and from this space, an air 
tulie he taken up within the steeple or bell-turret, an effectual 
veutiliitioii may be obtained without adding outlets to tlie 
roof. Whei-e external aitpearance is le^s regarded, a common 
louvrc-lioarded toj*. f<»r an outlet from the roof, will answ’cr. 
All ^ldc and end windi)\\s should be kept closed; for if the 
apertures at the ceiling be of the proper size, and due pro; 
^d.-ion ]je made for sii])]ilying fresh air, these open windows, 
as already oxjilained, will diminish, not increase the amount of 
ventilation. The reason has been alre:\Llv stated why veutila- 
tion i'' dillieult to maintain in warm weather. Of course, it 
becoinos e>})eeially ^o in \ory calm, w’ariii weather. Mr. Tred- 
gold L;ive> a ease of ihi^ kind :—Suppose we wish to provide 
ventilation snilicient to prevent the internal air from being of 
a higher temiioratnre than o" above that of the external air. 
Now. if the external air he at 70", ne sliall not be able to keep 
the internal teinperalure down to To” with a less escape of air 
tlian 2 \ cubic feet per minute fur each pcr.son ; because each 
jicisou will lioat, at least, that quantity of air d“iii a minute, 
at these temperatures When a church contains 1,(»00 per- 
.sons, and the height from the floor to the top of the tube is 
41> feet, the sum of the apertures that will allow 2,7)00 cubic 
feet of air per minute to escape, when the excess of tempera¬ 
ture is 0", must bo equal to 12 square feet. If the height be 
only 3u feet, the size of the aperture must be 14 square feet 
nearly. 1\’’hen the ceiling is level, tliis area should be divided 
among iivo or more ventilators, disposed in dilferent parts of 
the ceiling*; but in a vaulted or arched roof, throe are recom¬ 
mended to bo placed in the highest part of the ceiling, as at d, 
in Fig. G4. * • • 
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It is also rccoiiinicmled, tliat the upeiiinix^ f<»r adniiltinfr 
cold air be about cloiil)lo the area of tliose at the ccilinff. The 
air should, not be taken fnun very near the "round, n»<r from 
a confined jdace. In dcsl^ailn" and construetiu" a new 
building, fines might be made for tin' special purpose of 
supplying the interior with fresh air. Kacli fine might open 
ill the cornice, pass dvovn bet>veeu the piers, and under the 
flooring of the church or other hnilding, .and terminate in 
ajK'rturc.s whieli would be cju'erod with grating>. Hy disposing 
some of these fines oti each side ()f the ehureh, they would act 
with the wind in any direetion. 'I'lieso exterior ofK'uin^s 
'hould, however, be covered with a grating, to jwevent hirtb 
from building in them, and thus stopping them up. The 
accompanying sketch (I’ig. fio). from a design by Mr. (i'arl>ett 
will shew at a glance tlie aiTangeiiu nt.s rtspiired for the proper 

* Fi'j (!'. 
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>ontiliition of a church ; but before the desirable objects of 
properly wannins; and ventilating churches and other public 
buildings arc fully attained, it will be necessary for architects 
to coni])inc a profound knowledge of their art, with a good 
acquaintance with chemical and ])hysical science. 

Tn some of the old buildings, which still excite the admira¬ 
tion of pors<ms of cultivated ta.ste, by the beauty of their 
arr.mirenients and arcliitectural details, w'c sometimes meet 
with special provi.don for ventilation, arranged on the truest 
jirinciples. Thu<, in the “ Hall of the Haths” in the Alham¬ 
bra. at (Jranada. the roof is perforated with ventilating 


Fi.}; 00. 



openings, and is not only of the best possible form for 
the purpose of venlil.ation, but the openings themselves 
are of the best possible shape, being wider at the lower 
extremity than at the upper; and in order that these openings 
may [)reseiit jthc least possible amount of friction to the 
outgoing air, they are provided with short tubes of baked 
earth, covered witli a green vitreous glazing. This beautiful 
roof is shewn in Fig. GG, and two of the elegant ventilating 
tubes are shewn separately on a larger scale in Fig. 67. 

I 2 
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1(IT. Sluh are the methods bv which churches 

aiulotlier |>ublic huildinfrs may be spoiitane- 
, ously \eiitiiattd. In the rixuns of private 
liouses, the ventilation must jilso bo s]joiita- 
neons, ftir if the sli^dite.'t trouble be entaileil 
on the inmates, even to the «'j>ening of Ji 
/ window, it will be neglected. The means f(<r 
ventilation must be cheap, ea-^ily jirocurable. 
always in place, self-acting, not liable to 
get out of order, requiring no adju'itnient. no 
care whatever on tlie part of the iinnates. It would seem iin- 
j)oS5ible. at first view', to contri\e aiivthing at all likely tt* an¬ 
swer these conditions, and vet the thing has boon <h»ne in tiie 
most ]>erfect manner by that truly jiatriotic individual. Dr 
Arnott, so well kimw’n for his water-bed. liis stove, and i»ther 
inventions, w'hich he has freely presented to the juiblic, wiiliont 
seeking or desiring anv emolument to liimstdf. 

, In the autumn of 1S1!>, when the ch-dera was raging iii 
London and in the towms of the rnitod Kingdom, the IJo.'inl 
of Health recommended, in one «nf their notifications jiiih 
lished in the L<iu<l»n that in every badly ^entila^eJ 

dwelling considerable and iuuuediate relief may be given 
by a plan suggested by Dr. Arnott, (>f taking a brick out 
of the Avail near the ceiling of the room, so as to open .a 
direct communication between the room and the oliimiicc 
Any occasional temporary iueoiivenicnce of down-draught will 
be more than comj)ensated hy the beneficial results of this 
sirojile ventilating process.” 

A few’ days after this authoritative recommendatiem of tliis 
contrivance, and in consequence of numercais ap[jlieatioiis for 
further information on the subject. Dr. Arnott addressed a letku- 
to the T'umb newsjiaper, dated L^2nd IScptenibcr, ItilD. This 
admirable letter is so interesting and so pertinent to the sub¬ 
ject of this little liudimentary Treatisf^, that we venture to 
transfer nearly the whole of it to our pages :— 

•''‘I assume,” says Dr. Arnott, “that* most of your readers 
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alreatly uTn]ei*stanJ, or will now learn, that the air which we 
breathe, and which is ased to stulf air-pillows, con-sists of ma¬ 
terial elements as much as the water w'hich wo drink or the 
fooil wliicli we eat,—indeed, consists altogether of oxygeh and 
nitrogen; the first of which forms also seven-eighths by 
weiglit of tile siiljfttanoe of water, and the other nearly one- 
fiftli by weight of the substance of flesh; and that there is 
surroumling our gbibe, to a doptli of about fifty miles, a light 
fluid ocean of such air, called the atmospliere, into which, near 
tile •surface of tlic earth, certain impurities are always rising 
from tlio functions f*f animal and vegetable life, and the de¬ 
composition of substances in putrefaction, combustion, &c., 
,just as into the sea and great rivers some impurities are alw’ays 
entering from the sowers—all which impurities, however, are 
(juickly so diluted or dissipated in the great masses, as to 
become abNoliitely imperceptible, and eyentually, by the admi¬ 
rable processes of nature, are deeunniosed and changed, so 
that the great oceans of air and water retain ever their state 
I of perfection. 1 lusfume further, that your readers know that * 
t fre>h air for breathing is the most immediately urgent of the 
’ essentials to life, as proved by the instant death of any <»ne 
totally do])rived of it tlirough drowning or strangulation ; and 
by the slower deatli of men compelled to breathe over again 
the same small qiiantilv of air, as when lately seventy-three 
}>a'^seiigi!) s were suflbeated in an Irish steam-boat, of which 
the hold was shut up for an hour liy closely covered hatches ; 
and by ihe still slower death, accompanied generally bp some 
induced form of chronic disease, of persons condemned to 
breathe habitually impure air, like the dwellers in crowded ill- 
ventilated ro'jnis and foul neighbourhoods; and, lastly, as 
proved by the fact, that pestilence or infectious diseases are 
tmgendcr?d or propagated almost only whore impurities in the 
air arc known *to abound, and i)articularly where the poison t»f 
the huraan«l.)roath luid other emanations from living bodies are 
allowed to mingle in considerable quantity—as instanced in 
the*gaol au'l ship fevers, which so lately, as in the days of the 
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philanthropist Howard, carried oif a large proportion of those 
who entered gaols and ships ; and, as instanced in that fearful 
disease, which, at the lUack Assizes at Oxford, in July, 1577, 
sprea’d from the prisoners to the C’ourt, and within two days 
had killed the judge, tlie sheritf, several justices of the peace, 
most of the jury, and a great mass of the audience, an<l 
which afterwards spread among the jKJople of the town. 
This wtis a fever wliich did its work as quickly iis the cholcr.* 
does now. 

•• Assuming that these points are tolerably understood. J 
shall proceed to sheAv% that from fault« in the con.struction and 
management of our lioiLses, many persons are unconsciously 
doing, in regard to the air they breathe, nearly as lishcp would 
be doing in regard to the water they breathe, if, in.^tead of the 
pure element of die vast rivers or huundle.ss sea streaming 
past them, they.-.iut themselves up in holes near the shore.s 
filled w'i di W'ater defiled by their own liodies, and frofn other 
foul sources. And I shall have to sIioav, that the .s[>rtMid of 
cholera in this country ha.s been much influenced by the gross 
oversights referred to. 

“ All the valued reports and published opinioTis on cholera 
go far to prove, tliat in this ciimato, at least, any foreign mor¬ 
bific agent or influence which produces it, comes comparatively 
harmless to pei>ons of vigorous hcaltli, and to those who arc 
living in favourable circumstances; but that if it find person.-' 
with the vital powers much deprc.s.sej or disturbed from any 
causepand even for a .short time, as happens from intemper¬ 
ance, from imj)roper food or drink, from great fatigue oi’ 
anxiety, but, above all, from want of fresh air, and, conse¬ 
quently, from breathing that which is foul, it readily over¬ 
comes them. It would seem as if the peculiar morbid agent 
could as little, by itself, produce the fatal disease, as one 
of the two elements concerned in a common gas explosion, 
namely, the coal gas and the atmospheric air, can alone pro¬ 
duce the explosion. The great unanimity among writcra and 
•peakers on the subject, in regarding foul atmosphere as the 
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chief vehicle or favourer, if not a chief efficient cause of the 

* 

pestilence, is seen in the fact, of how familiar to the common 
ear have lately bccoin| the words and phrases “ malaria, filth 
crowded dwellings, crowded neighbourhoods, close ’rooms, 
faulty sewers, drains, and cesspools, or total want of these, 
effluvia of graveyards,” <fc;c., all of which are merely so many 
names for foul air, and for sources from which it mav arise. 
Singularly, however, little attention liaii yet been given from 
autliority to the chief source of jioisonoii.s air and to means of 
ventilation by which all kinds of foul air may certainly be 
removed. 

A system of draining and cleansing, water-supply and 
Hushing, for in.^^tance, to tlie olitainment of which, chiefly, the 
H(»ard of Health lias hitherto dev’oted its attention, can, how¬ 
ever good, influence only that quantity and kind of aerial 
impurity which arises from retained sojid or liquid fillh within 
or about a hounc, but tt leaves absolutely untouched the other 
and really more important kind, which, in known quantity, is 
never absent where men are Ijreathing, namely, the filth and* 
jioisoii of the liuman breath. This latter kind evidently plays 
tlie most iiiijiortaiit jiartiu all eases of a crow'd, and, therefore, 
such catastroi>hes as that of the Tooting school, wdth 1,100 
children, of whom nearly .‘3(I0 were seized by cholera, of the 
House of Itefuge for the Destitute, and of the two great 
crowded lunatic asyjume Jicre, where the disease made similar 
liavoc,*—for places so public as these, and visited daily by 
numerous strangers, could not be allowed to reracain visibly 
impure with solid and liquid filth, like the Rookery of St. 
Cfile.s’s, and other such localities. Now', good ventilation, which, 
although few persons compiu’atively are as yet aware of the 
fact, is easily to be had, not only entirely dissipates and ren¬ 
ders absolutely inert the breath-poison of inmates, however 
numerous, aiicl even of fever patients ; but in doing this, it 
necessarily at the same time carries away at once all the first- 
named kinds of poison, arising from bad drains, or want of 
drains, and thus acts aS a most important substitute for goq,d 
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draining, until there be time to })lan, and safe opportunity to 
establish such. It is further to be noted, that it is chieHy 
when the poison of dmins, itc., is caught and retained under 
coTer,* and is there mixed with the breath, that it becomes 
rery active, for scavengers, nightmon, and gravediggers, who 
work in the open air, arc not often assailed witli disease ; and 
in foul neighbourhoods, persons like butchei's, wlio live in o[>on 
shops, or policemen, who walk generally in the open streets, 
or in Paris, the people wlm manufacture a great i)art of the 
town filth into portable manure, suffer very little. 

“ To illustrate the efficacy of ventilation or dilution with 
fresh air, in rendering quite harmless any aerial poison. I may 
adduce the explanation given in a report of mine on fevers, 
furnished at the request of the Poor liaw Comnii'JNiuiiei's in 
1840, of the fact, that the malaria or infection of mar>ili fevers, 
such as 'occur in the Pontine marshes near Home, and of all 
the deadly tropical fevers, affects pci*sdns almost only in tl)e 
night. Yet the malaria or poison from tlceom]> 0 '>ing ortranic 
matters which causes these fevers, is formed diirim: the day 
under the influence of the hot sun still more abundantly than 
during the colder night; but in the day, the direct beams of 
the sun w'arm the surfivee of the earth so intensely, that any 
air touching that surface is similarly heated, and rises away 
like a fire balloon, carrying up with it, of course, and much 
diluting, all poisonous malaria formed there. During the 
night, on the contrary, the surface of the earth no longer re¬ 
ceiving the sun's ra^’s, soon radiates away its heat, .so that a 
thermometer lying on the ground is found to be several de¬ 
grees colder than one hanging in the air a few feet above. The 
poison formed near the ground, tlmrefore, at night, instead of 
being heated and lifted, and quickly dissipated, a.s during the 
day, is rendered cold and comparatively dense, and lies on the 
earth a concentrated mass, which it may be death to inspire. 
Hence, the value in such situations of sleeping apartments 
near the top of a house, or of apartments below, which shut 
Qut the night air, and are large enough-to contain a sufficient 
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supply of the purer day air for the persons using them at night, 
and of mechanical means of taking down pure air from above 
the house to he a supply during the night. At a certain 
height above the surface of the earth, the atmospherff being 
nearly of ctjual ])urity all the earth over, a man rising in a 
balloon, or obtaining air fur his house, from a certain eleva¬ 
tion might bo considered to have changed his country, any 
peculiarity <>f the atiinjsphere below, owing to the great dilu¬ 
tion effected before it reached the height, becoming absolutely 
insensible. 

Xow. in regard to tlie dilution of aerial poisons in houses 
by ventilation, I liave to explain, that every chimney in a 
house is what is called a sucking or drawing air-pump, <»f a 
certain force, and can easilv he rendered a valuable vcntilatirig 
pumj) A chimney is a pumj)—first, by reiison of the suction 
or ai>]ir<»nch to a vacuum made at the <*peii top of any tube 
aci’os.'s wliich tlie wind b]u\v.s direcllv ; and, secondlv^ liecau.se 
the flue b u-ually occupied, even when there is no fire, by air 
.somewliat wanner than the external air, and ha.s, therofortf 
even in a calm day, what is called a eliimney draught jiropor- 
lioiieil to the dilfci’ence. In Knglaiid, therefore, of old, when 
tlio chimnev brea^t was alw.ws made higher than tlie heads of 
j)ersons sitting or sleeping in rooiu-s, a room with an opmi 
eliimney was tolerai)ly well ventilated in the lower part, wiiero 
the inmate^ breathed. The modern fashion, however, of \ery 
low grate.s and low eliimney openings, has clianged the e.ise 
comy»letely, for such openings can draw air only from the bot¬ 
tom of the rooms, where generally the coolest, tlie last entered, 
and therefore the piire.st air, is found, while the hotter air of 
the breath, of lights, of warm food, and often of subterranean 
drauis, ^i:e., rise.s and stagnates near the ceilings, and gradually 
comipfs there. Sucli heated, impure air, no more tends down¬ 
wards again *to escape or dive under the chimney-piece, than 
oil in art inverted bottle immei'sed in water will dive down 
through the water to escape by the bottle’s mouth j and •sUcli 
a bottle or other ve.ssel containing oil, and so placed in wa^er 
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with its open mouth downwards, even if loft in a runninsf 
stream, would retain the oil for any leiifyth of lime. If, how¬ 
ever, an opening' be made into a chimney Hue through the wall 
near the ceiling of the room, then will all the h<*t impure air 
of the room as certainly pass away by that opoiflng, as oil from 
the inverted bottle would instantly all escape upwards through 
a small opening made near the elevated bottom of the bottle. 
A top window-sash, low'cred a little, instead of serving, a.-> 
many potiple believe it does, like sueli an opening into tlu* 
chimney flue, becomes generally, in obcdif'uce to the chimney 
draught, merely an inlet of cold air. wliicli first falls as a eas- 
<'ade to the floor, and then glidc.s towards the chimney, ami 
'gradually passe.s away by this, leaving the hotter impure air 
of the room nearly untouclicd. 

“ For years past. 1 liave recommended the adoption of sucli 
ventilating chimney openings as above de.scribcd, and I de¬ 
vised a balanced metallic valve, to prevent, durinu: the n.«e t)f 
fires, the escape of smoke to the room. The advantages of 
vhese openings and valve.s were soon so manifest, that the 
referees appointed under the Jhiikling Act added a elaii.se to 
their bill allowing the introductum of the valves, and directing 
how they were to l)e placed, and they are nowin very extensive 
use. A good illustration of the subjeet wa.s alforded in St. 
James's parish, where some quarters are densely inhabited by 
the families of Irish labourers. Those localitie.s formerly sent 
an enormous number of sick to the neighbouring dispensary. 
-Mr. Toynbee, the able medical chief of that dispensary, came 
to consult me respecting the ventilation of such placo.s, and, 
on my recommendation, had openings made into the chimney 
flues of the rooms near the ceilings, by removing a single 
brick, and placing there a piece of wire gauze, with a light 
curtain flap lianging against the inside, to prevent the Vssue of 
smoke in gusty weather. The decided effect 'produced at 
pnee on the feelings of the inmates was so remarkable, that 
there was an extensive demand for the new appliance, and, aa 
a consequence of its adoption, Mr. Toynbee had soon to reporf. 
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ill evidence given before tfre Healtli of Towns Commission, 
and in other published documents, both an extraordinary 
reduction of the number of sick applying for relief, and of the 
severity of disciiscs occurring.* VVhJe experience elsowhcre 
has since obtained similar results. Most of the ho.spital3 and 
poor-houses in the kingdom now have these chimney-valves . 
and most of the medical men and others who have published 
of late on .‘sanitary matters, have strongly commended them. 
Had the present Board of Health possessed the power, and 
deemed tiie means expedient, the chimney lopenings might, as 
a prevention of cholera, almost in one day, and at the expense 
of al)out a shilling for a poor man’s room, have been established 
over the whole kingdom. 

Mr. Simpson, the registrar of deaths for St. (iiles’s parish, 
an eX})crieneed practitiiuier, wliose judgment I value much, 
related to me latelv, that lie liad been called to visit a lioust 
in one of the crow^ded collrt^, to register the death of an in¬ 
mate from ehoicra. He found live other jicrsoms living in 
the room, which was nio^t close and olfeusive. He advised 
the immediate removal of all to other lodgings, A second 
died before tlic removal *took place, and soon after in the 
poor-house and elsewhere, three others died wlio had breathed 
the foul air of that room. Mr. Simjison CKi>rcsscd to me hi.s 
belief that if there had been the opening describeJ above 
into the eliimnev near the coiling, this horrid liistorv w^ould 
not liavc been to tell. 1 believe so too, and I believe that 
there have been in London lately verv inanv similar case?.’' 

* Wc arc trilby thankful to l»e‘ able to state, that iu two parishes lu 
London- St. ticorge's and St. .hiine.s’s—a soeioty ha.s been establisliet' 
for the ]mrposc ot su]»plYing I he siek poor with clothing, food, ami 
vtmns ccutiUithuj iheir apartmoito. The Honoraiy Secretary to 
this society i'' Joseph Toynbee, Esq., ftd, King Street, Bolden Square, 
who has volunteered to give the necessary information to any Distric'. 

Visiting Pbeicty-desirou.s of extending their usefulness hy ventilating 
the dwellings of the poor. Wc trust that Mr. Toynbee's beuevoleuci 
w*lll be ixwardcd by exteusi\e success. 
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Among other modes of spontaneous ventilation, may be 
mentioned the 7nul;/nt] (U* wind conductor, of tlie ancient 
Egyptians, and still in use in modern Egypt. It was erected at 
• ‘ Kijf. tis. till' tt>p of llie house, 



iis in Fig. (is, ami 
consisted of a frame 
covered or enclosed 
all sides, oAcopt 
at tlie mouths, which 
were o{)en in the 
directi(»n of the pre¬ 
vailing winds, 'file 
roof of tlie niulguf 
sloped down from 
each ojieii end to 
the centre, uhere a 
partition divided it. 
and dellected the 
wind ilown into the 


apartments below. Mr. M'ilkin''on, in hi.s work on Egyjit. 
gives a view of part of Cairo, shewing the imilgufs on tlie 
houses of the modern Egyptians. The ancient niiilgufs were 
double, as shew'n in the figure, but the modern ones are single. 


and the opening i.s in the ilireetion of the jirevailing north- 
we.4 wind. They con.si.st of .strong frame-work, to wliich 
.several planks of wood are.nailed, according to the breadth 
and length proposed ; and, if required of ehcnjicr inatcriaLs, 
reeds or mats, covered with .'<tucco, are used iustea<l of planks. 

This contrivance acts on a similar principle to the n'ind-mil 
used on board ship.s, which consists of a .sail sjiread out to the 
wind : from the lower part proceeds a cylinder of canvas dis¬ 
tended by hooji.s,which maybe carried down through the hatches, 
to any deck or hold where fresh air is required^ Its action 
depends on tlie force of the wind, and the mode of arranging 
it: it is of no use in calm weather, when ventilation is often 
most needed : and it is equally unavailable in stormy weather, 
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when the hatches are battened down, and the mencrowded below. 
Indeed* unless some contrivance could be made for getting rid 
of the vitiated air by other openings, the supply of fresh air by 
the wiiid-^ail must always be partial and defective. 

'I'ho ne.xt class of mechanical contrivances for ventilation, is 
that in which the aid of an attendant is required, either to 
maintain the ventilating machine in motion, or to superintend 
tlio mechanical piover that does .so. The simjdest of these 
contrivances is the f<tn, w'hieh has been used from time imme¬ 
morial, especially in warm climates, where it is often made of 
an enormous size, and being wielded bv an attendant with 
the de.vterity acquired hy long practice, its effect is very power¬ 
ful in giving motion to the air, and producing the sen-sation 

« 

of coolness, by bringing a larger supply to the person, and 
ah'tracting the heat by its motion. The punhth, as commonly 
iLscd in India, is nothing more than fi,gigantic fan, suspended 
in tiio centre of tlie ajiartnient, above a bed or table. Attached 
to one side is a line, which pa'-^cs out of the apartment through 
the wall to an attendant on the outside, who thus give.s motion 
to th(* large cxtcjided .surface within, and thus prevents the 
air from stagnating. Some years ago, a steam-engine w’as 
mmiI fiMiii England to move the punkahs in the palace of the 
Nabob of Oude. A machine, called the zt’plnjr, was proposed 
sonic years ago by Mr. Dobson, for giving motion to the air of 
:i room, 'fwo .sails or punkahs, crossing e.ach other at right 
anglc.s, were mounted on a frame, and a rotatory motion was 
given thereto, by suspending it from a case containing a 
meeiiani^m like that of a bottlc-jack. This case was suspended 
by liiic.s passing over jmllies in the ceiling, and balanced by 
weights, .so that the sails could be made to play at any eleva¬ 
tion, III all these contrivances, motion is given to the air, 
but till? rooms containing them are not ventilated therebv; 
the vitiated .tir is whirled and whisked about, but not driven 
out, and ^s place supplied by fresh air. 

This objection docs not apply to the fanning-wbeel or blower, 
now so commonly used for ventilating factories and oth^ir 
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places where a steam-engine is constantly at work, to supply 
the required moving pow<‘r. The fanner was invented by 
Dr. Desaguliers, in 17d4. Its object wius stated to be for 
“ changing ' the air of tlie room of sick people in a little 
time, either by drawing out the foul air, or forcing in fresh 


air, or doing both succe-'-sively, without opening doors or win¬ 
dows. ’ 4 his, it was suj»posed, would be of very great use in all 

hospitals and prisons, and would al.s(» serve to convey air into 


a distant room, nay, to perfume it occasionallv." The wljcel 


was 7 feet in diameter. 


and 1 fo(tt wide, and laid twelve radii 


ri>:. c:» 



or partitions, (Fig. aji- 
proaching witlnn 'J inches of 
tlie axis, leaving a circular 
opening 1, .'1,4. 18 inches 

in diameter. This heel was 
eiudosod ill a coiicciitne cai-e. 
(Fig. 71), funii.<hed wiili a 
blowing pipe, n, on the iipj>er 
{■art and a snctimi itijie, s 
(Fig. 7(t), eomiiiuiiicating at 
o. with tlie central oj>eniiig 


TO. 

B 



in the wlieel. wliieh wa.s turned by 
a handle, attached t(j the axis, a, 
•\\liieh ]tassed through the ease, and 
rc.sted on a standard, v,. '1 he fanner 

was made so as to revolve easily, but 
as closely to the concentric easing 
a.s possible, without any communication 
with the air, except tliroiigh the suction 
and lilowing pipes. Tct ensure this, a 
ring of blanketting was fixed within the 
ease ,;/ au(>a Bimilar ring at^ ii ii, so 
tliat the edges of the vanes being in con¬ 


tact therewith, the air would have no other c.?cape tlfan by the 
blowing pipe, u. By the revolution of the wheel, the air within 
tBe case was rapidly imi>cllcd by centrifugal force to the cir- 
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Fi«. 71. 


cumfcrence, where it was condensed, 
whirled round, and forced out, in a 
powerful current, through the open • 
ing of the blowing pipe, B,wh*ile the 
I)artial vacuum thus formed set a 
current of air in motion towards 
the centre, which current entering 
at s, and j)a.ssing up into a, was 
di.stributed between the vanes, and, 
driven to the circumference, passed out in a pow'erfulcontinuous 
blast at «. 'J’lio .su( tion-}uj)e, s, could be made to communicate 
with the external air bv mean.s of a pipe, or with a .space con¬ 
taining heati'd air, ami the l)l<o> ing pipe could be connected w'ith 
a room wliicli could thu.s be filled with cool fresh air, or with 
warmed air, the ([iiautitv being regulated bv the speed of the 
wlwjol. If foul air liad to bi- drawn <mt, the suction-pipe was 
connected with the .^pace containing it, and the blowing-pipe 



with the exlcriial air. 

In the year 17.‘5(!, a wheel of this de.serij)tiou was erected 
over the ceiling of tlie IIoiis(‘ of (’omnK)n.«, for the purjiose of 
drawing out the ^i^iatcd air. in the manner just described, a 
man being kej>t constantly at work, during the sitting of the 
house, to turn tlic ^^heel. It was stated, that this wheel was 
“ able to suck out the f )iil air, or throw in fresh, or do both at 
once, according a.s the Speaker is pleased to command it, whose 
order the ventilator waits to receive every day of the session.” 
This apparatus continued to be used for ventilating the House, 
until the year 17!.>1, when the chief clerk of the House, 
■Mr. Holland, jirojiosed its removal from the room over his own 
private apartments, to the centre of the roof immediately over 
the House, as being a more advantageous position. This 
was accordingly done, ftiid continued in operation until 
1817, when *a similar contrivance was recommended for 
the vontihitiou of the House of Lords. It was not, how¬ 
ever, erected, for in 1820, the whole business of warm¬ 
ing and ventilating both Houses was eutru-.ted to the Marquis 
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of Chabannes, whose plan will be noticed in the next 
chapter. 

But to return to Dr. Desaguliers. About the time when he 
was engaged in ventilating the House of Commons, the atten¬ 
tion of Government was directed to the want of ventilation in 
our ships, in consequence of the bad health of the troops that 
W’ere embarked at Spithcad to proceed on an cxpediticm 
against the Spaniards. Numbers were relanded, and sent 
the hospital, and the ships are said to have “ stunk to such a 
degree, that they infected one another." The Lords of the 
Admiralty applied to Dr. Desjiguliers, to shew tlicni tlie model 
of his centrifugal wheel and air-pipes; and after tlie exhibi¬ 
tion, some of them went to see the operation of the wlieel 
fixed over the House of C’ominons. Sir Jac(»)) Ackworth, the 
Surv'eyor of the Navy, attended them, and seemed to a[>j)rove of 
the machine as much a&they did ; and the Doctor wa.s ordered 
to make a blowing wheel, with its pipes, to be tried i*n boanl 
the Kinsale at Woolwich, but less than that at tlie House of 
Commons, that it might not take up too much room in the 
ship." Accordingly, the Doctor attended with a small wheel, 
but Sir Jacob did not condescend to be present. The machine 
answered admirably : a quantity of pitch and other .substances 
was burnt in the carpenters room, and tlie smoke arising 
therefrom was drawn above deck by a few turns of the wheel. 
On reversing the valves, air was forced between decks with 
great energy. Every one present was delighted with the 
action of this ventilator, 4Mid Sir Jacob, hearing of its .success, 
appointed another day for a repetition of the experiment, but 
requested the Doctor not to attend himself, but to send his 
carjjenter with the apparatus. The particulars of this trial 
are amusingly told, in a letter from the caq^enter, Kembel 
Whattley, to Dr. Desaguliers.—“When Sir Jacob came on 
board, he was very complaisant to me, and asked me if I was 
the person that was appointed by Dr. Desaguliers'-to attend 
him, in order to try the experiment of the air machine, and I 
told him I was. Then said he to the men, ‘ hoist the wind- 
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sails and the windsails were hoisted. ‘ Now,’ says he to me, 

‘ we have cut two scuttle-holes at each end of the ship, and 
you shall see what the windsails will do ; it is jiir old way 
when at .sea and while they were hoisting the sails, I went 
down under deck to put the engine in order. But I had not 
been there long, before I was called for. So when I came up 
it was to see that the w’ind-sails that were put down would 
blow out a candle at one of the scuttle-holes. ‘ Now,* said he, 

‘ 1 would have you work the engine, and see whether that will 
throw out so much air as our wind-sails you see do.’ ‘Lord ! 
Sir,’ said I, ‘ that, I imagine, was not the intent of the thing; 
it wtu* to draw out the foul air from any part of the ship that 
there were tubes to convey it from. It is impossible that R 
thing, wliich is but .‘1 indies by 5, should throw in as much 

iti 

air as a thing 2 feet 0 inches diameter.’ So we talked awhile, 
and, at Last, he told mo that he could not stay, but that he 
had thouglit so before, and that he was sorry that the machine 
would not do. ‘ Pray, Sir,’ said I, ‘ let there be a great smoke^ 
made in the carpenter’.s store-room, and see whether the en¬ 
gine or your wind-sails ^ill destroy it first.’ Then he told 
me, that he could not po.s.^ibly stay; ‘ but that gentleman 
there,’ said he, pointing to a pretty lusty man that was present, 

‘ shall be with you, and lie and you may try the machine as 
you please ; and I shall think the same of it, from his report, 
as if I were present.’ So, Sir, it was then left to the gentle¬ 
man and me to try it*j and I burned pitch in the carpenter’s 
stort'-room, and made a great smoke, and ordered the engine 
to be worked, and drew it out in less than five minutes’ time. 
Then I turned the valves, and brought in fresh air; and, as I 
thought, it gave the gentleman* entire satisfaction ; but, how¬ 
ever, we made as great a smoke as before, and put down the 
windsails, ai^d then th# smoke was driven into several parts 
of the ship ; and that not in half the time that your engine 
did it in*; and then it went out above deck. Sir Jacob told 
qje aftem^arda, that he was sorry that it succeeded no bettfer, 
but he thought it might be a very pretty thing in a houste. 
Sir Jacob desires his humble service to you,” 
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Dr. Desaguliers complains justly, that “not one of the Lor(].'< 
of the Admiralty, who talked of havings many of the ventila¬ 
tors made for the pre.servation of the health of the persons 
then going to Jamaica, condescended to witness one experi¬ 
ment and Sir Jacob, who condemned the thing, would not 
once be present to observe its operation. But thus ended my 
scheme, which, 1 hoped, would have been of great benefit to 
the public*.'’ 

The great objection to this plan for ventilating shii»s, is tlie 
necessity of employing men to turn the wheel. The dangers 
arising from defective ventilation arc not of that obvious 
character which, in many other cases, lead men at once to 
seek out and apply the remedy. Tlie aerial poison is invisible, 
and, although chemists and educated persons who study it.s 
nature, are aware of its insidious aethui in inducing disease, 
and undermining the health, it is dilHcult to persuade the 
multitude, whether of .siihordinates or of pemms in autlutrity, 
that pure air is as necessary to health and vigour of body, ju 
food, and sleep, and cleanliness. On board a shij), every one hua 
his regular routine duties, the use of which are obvious to those 
who command as well as to tliosc who perform them, and they 
are accordingly performed with cheerfulness. But to give the 
common sailor, in addition to his other duties, the ta.sk of 
turning a wheel for the purjiose of pumping out air from 
betw'een decks, is not likely to be of obvious utility, either bj 
him, or to many of his commanding ojjiceni. No system of 
ventilating apparatus is ever likely to be adapted to tlie con¬ 
ditions of a ship, unless it resemble the excellent system of 
lightning conductors, invented by Sir W. Snow Harris ; it 
must be always in its place, ready for use, under all possible 
circum.stances, whether wanted or not. Before Harris’s con¬ 
ductors were introduced, every ship was furnished with a set 
of moveable conductors, packed up in a box, to be taken out 
and applied when wanted. Now the taking out and erecting 
of these conductors was an extra duty, a special service—and 
was seldom or never performed. A thunder-storm comes on, 
the ship had not been struck in other storms, why sliould it 
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be struck in this 1 and, accordingly, the conductors are left to 
slumber in the hold. So with any form of ventilating appa¬ 
ratus that gives extra trouble to officers or men ; the ship’s 
company have never been suffocated for want of air—why 
should they now / Hence all these new-fangled contrivances 
are dismissed with scorn. 

Very differently circumstanced is the ventilating fan when 
made a permanent fixture in a factory, and the wheel is con¬ 
nected with the force which sets in motion the various ma¬ 
chines of tlic establishment. The ventilator then fulfills all 
the conditions rc(jiiired. It is always in its place, gives no 
trouble, docs its duty efficiently, and rei^uires no superintend¬ 
ence In sj)eaking of the ventilation of factories, Dr. Ure 
remarks, that the engineers of Manchester do not, like those 
of the metropolis, trust for a sufficient supply of fresh air into 
any crowded hall, to currents physically created in the atmos- 
j)here by the difference of temperature excited by chimney 
draughts; but the f.ictorv jdan is to extract the foul air in 
measurable volumo.s, by mechanical means of the simplest and 
most unfailing kind, especially by eccentric fans, made to 
revolve with the rapidity of nearly 100 feet per second; and 
thereby to ensure a constant renewal of the atmosphere in any 
range of apartments, however large or closely crowded they 
may be. The effect of one of Fairhairn and Lillie’s four- 
guinea fans upon a large factory is truly admirable; it not 
only sweetens the interior space immediately, Lut renders the 
ingress of bad odours from without impossible. In a weaving 
mill, near Manchester, where the ventilation was bad, the 
proprietor caused a fan apparatus to be mounted. The conse¬ 
quence soon became apparent in a cuiiotus manner. The 
work |3eople complained tliat the ventilator had increased 
their appetites, and therefore entitled them< to a corresponding 
increase of wages. 

Whoif such a fan, placed at one end of an apartment about 
500 feet long, is in full action, it throws the air so powerfully 
out of it, as to creato’a draught at the other end of the ro'^m, 
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capable of keeping a weighted door six inches a-jar. W'hen 
connected in the attics with a horizontal pipe, into which 
vertical tunnels from each room are inserted, it draws out the 
air so 'rapidly from them, as to cause a breeze from every 
part of the adjoining floora, thus producing an excess of venti¬ 
lation in the apartments. The simple and cheap contrivance 
of perforated cast-iron boxes, placed on every story in commu¬ 
nication with the fan, is the method now in use. A side and 
a front view of the fan are given in Figs. 72, 73, sucli as have 

Fis. rii;. 7.t. 



been used of late years for ventilating factories, for removing 
through tunnels the dust disengaged in cleaning fibrous 
materials, such as cotton, hemp, &c., for blowing air into ft>rge 
fires, and many other similar puq>oses. It consists of two 
cast iron end plates, a a, with a central circular opening, r c c, 
from the circumference of which the outline of each plate 
enlarges spirally, the point nearest the centre being near </, 
and that furthest off being under e. This pair of parallel 
plates is connected by bolts, a a a, a mantle of sheet iron 
being previously inserted into grooves cast in the edges of the 
end plates, so as to enclose a cavity with an elongated outlet 
at B, to which a pipe is attached for carrying ofif the air in any 
direction. Within this cavity, a shaft, c, revolves in bearings, 
h hf placed centrally in the frame-plates, a a. On this shaft, 
a boss is wedged fast, bearing five flat arms, c c c, to which arf 
rivstted five fiat plates or wires of the shapes shewn between 
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a and of, in Fig. 73, having a semi-circular piece cut out of 
them on each side, about the size of the end opening. On 
one side of the shaft, o, beyond the box-bearing, the fast and 
loose pulleys, d, are fitted for receiving the driving barid, and 
f<*r turning the wings in the direction shewn by the arrow. 
Thus the’ air is driven before them out of the end orifice, b, 
while it enters by the side openings at c c c. By the centri¬ 
fugal force of the revolving wiugs, the air is condensed towards 
their extremities, and makes its escape from the pressure 
through the orifice, b, w’hile it is continually drawn in at the 
sides by its tendency to restore the equilibrium. The fans 
are sometimes constructed so as to have their mantles concen- 
ti'ie with their central shafts, as in Dr. Desaguliers’ fan. The 
improved fan (shewn in Fig. 73), is called the eccentric ; the 
, nil* whieli escapes through the outlet, b, has undergone com¬ 
pression during its whole progress through the spiral space 
will) the revolving wings, and is equal in density to that com- 
pre.'^'^ed at their extremities by the centrifugal force. The 
fan, therefore, discharges considerably more air than that with* 
u cliaiiiber concentric wdth its wings (as in Fig. C9), because 
in tlie concentric fan, there is considerable loss of power, on 
account of a large quantity of air being carried round by the 
Ic.ivcs of the fan, instead of passing out through the dischaige 
pipe at the circumference; but in the eccentric fan, each wing 
or leaf, in passing the point, d, acts as a valve to cut off the 
entrance of the uucondensed air, which would cause an eddy, 
and i ctard the proper current by the inertia of its particles. 
When the fan is required to draw air out of a series of inde- 
Ipendent rooms, it has its circular side openings, c c % enclosed 
‘within caps, which are connected with pipes conununicating 
with such rooms. Slide or throstle valves may be placed in 
the exhausting, as w*ell as the condensing pipes, for regulating 
the distribution of the rarefying or blowing power.* 

The fafi produces its greatest effect when the extreme points 


* FhUoaophy*o/ Manvfactwret. London, 1836. 



190 


THE ARCHIHEPIAN SCIlEW. 


of ijis leaves move through about 80 feet per second. Tbe 
mesn velocity of that portion of the vanes by which the air 
18 discharged, is about seven-eighths of the velocity of the 
extremities; but owing to the inertia of the air, tliere will bo 
a loss in the velocity of the issuing current which will incrciw 
with the increased speed of the vanes ; so that, in general, the 
current will be discharged with a velocity equal to about three- 
fourths of the velocity of the extremities. This velocity mea¬ 
sured in feet per second multiplied by the area of tlie discharge 
pipe in square feet, will give the number of cubic feet of air 
discharged per second. If the effective velocity of the vanes 
be 70 feet per second, and the sectional area of the discharge 
tube be three square feet, then 70x3=210 cubic feet of 
air discharged per second or 12,GOO cubic feet per minute. 
As a cubic foot of air weighs 527 grains, there will be about 

oiOxOtt 

13 cubic feet of air to a pound j therefore —jq” ~ IJGOlljss. 


weight of air set in motion per minute, witli a velocity of 70 
feet per second. The height from which a heavy body must 
fall in order to acquire a velocity of 7U feet jjcr second is 7G.5 
feet, which multiplied by the number of pounds weight moved 
per minute, will give the power necessary t(> di'-charge this quan¬ 
tity of air at the stated velocity; and this product divided by 
33,000 (the number of pounds weight that one horse will 
raise one foot high per minute) will give the amount of stcam- 

7G.5X9G!t 

power required. Therefore - - = 2.24 or nearly 2 [ 


homes power will be required to discharge the given quantity 
of air at the velocity stated.* 

The Archimedian screw has lately been proposed as a sub¬ 
stitute for the fan in the ventilation of buildings ; hut it 
appears to be in eveiy respect an inferior machine. The 
only thing that can be said in its favour is, that it is 
^tirely self-acting, requiring no power to set it ia motion. 


* tJre, PhUowphical Transadiotu. Hood, Wanning and Vvi- 
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except tihe ascensive force of tbe vitiated air itself, which 
acting on the threads or spirals of the screw, causes it to re« 
volve, and so effects the discharge: This, of course, is an 
advantage; but as soon as the pressure or conden82tion*of the 
air between {he spirals becomes equal to the friction between 
the air and the surface of the spirals, no further increase in 
the amount of discharge takes place. The screw will only 
discharge small quantities of air at a moderate velocity, and 
is, therefore, not fitted for ventilation on a large scale. 

Pumps and bellows have also had their share of attention 
instruments of ventilation. At the time when Dr. Desa- 
guliers was endeavouring to get his ventilating fens intro¬ 
duced into the navy, Dr. Hales came forward with a rival 
scheme, which he termed the “ Ship’s lungs,” and he ifras 
.qiplied t^by (lovernment to fix his ai)paratus on board the 
f \iptam, j^eventy gun .^hip, by way experiment, A double 
ventilator of this kind is shewn in Fig. 71. It consisted of two 
outer cases, n d q r, each 10 feet long, 4^ feet wide, and 13 inches 
deep inside. The midrif or valve, z, (Fig, 73), was framed of 
vv ood, and fixed at one end to each case by iron hinges, and a slip 
of leather was nailed over the whole length of the joint to make 
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it%,ir-tight. This valve moved easily up and down as near the 
surface of each case «s possible. Iron rods, i b, were fixed 
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about six inches from the moveable end of the midrif at n, and 
were furnished with joints made like two links in a chain, to 
allow them to preserve a perpendicular position in the motion 
caused* by tlie rising and falling of the midrifs. The upper ends 
of these rods were attached to a lever, o p, 12 feet long, moving 
on a pivot at o, and capable of being worked by two men. 
The valves marked 1 to 8, each 22 inches long. 6 inches deep, 
and suspended by copper hinges, were an inch broader and 
longer than the openings; and their borders, as well as the 
corresponding hordei^ of the valve openings, were lined with 
list or woollen cloth, to deaden their noise when fulling. A box 
Fig. 75. with a large aperture, 

covered the emission 
u valves, from which the 
air was comeyed by 
a pipe into " o pi'irt of 
the sliij* that was to Im* 
ventilated. Thus, it will 
be seen, that the con¬ 
struction of this msichino 

g 

closelv resembles that of the common bellows. The air enters 

* 

by those valves which are hinged to open inwards, and is 
emitted at each rise and fall of the midrif through the valve.s 
which are hung so as to open outwards into the covering-box, 
whence it is conveyed through a tube to the parts of the 
ship requiring ventilation. 

Dr. Hales calculated that his machine would expel a tun 
of air at each stroke, or six tuns per minute; and that the 
air issued from the aperture with a velocity of twenty-five 
miles an hour. This estimate is far too high, and the machine 
itself is far inferior to that of his amiable rival, Dr. Desagu- 
liers; indeed, the use of the rotatory fan at the presSnt day, 
and the total practical oblivion of the “Ship’s® lungs,” is a 
sufficient commentary on the respective merits of the two in¬ 
ventions. * 

In the experiment in the Captain^* Sir Jacob Ackworth 
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condescended to be present, and appears to have behaved to 
Dr. Hales with civility. It is very probable, that on this 
occasion, the objection urged against this machine was, that it 
was not self-acting, but required too constant attention of- tlie 
seamen to be of any use, for the Doctor, in his treatise, endea¬ 
vours to combat such objections in the following terms:—“ As to 
the labour and difficulty of working these ventilators, how 
frivolous and groundless is it when the matter is rightly 
considered; for as they are chiefly wanted where there is a 
great number of men, so the labour of it, equally divided among 
them, is very inconsiderable; for if two men can hold to work 
them for a quarter of an hour, four men, by changing hands, 
»peil and spell, as they term it, may well work for an hour. 
And suppose there be 500 or 480 men in a ship, and every one’ 
takes his share of the work, then, once in five days, it will 
come to everf man’s turn to work at it for half an hour. And 
suppose there be in a transport or Guinea slave ship 200 men, 
as there is often about that number, then it will come to every 
man’s turn to work the ventilators for half an hour once in < 
forty-eight hours; but here, as the ventilators will be less than 
the above described ventilators, so will the labour of working 
them be also less. This, supposing it necessary to do it in¬ 
cessantly night and day, which need not be in a man-of-war 
when the port-holes can be opened, and there is any degi-ee of 
wind j which, suppose it be half the time of the crew’s being 
on ship-board, then it will come to each man’s turn but once 
in ten days. This calculation is made on a supposition, that 
every individual takes his turn at the ventilator; but let us 
allow an abatement of one-fifth for officers, sick, &c., then will 
the work be no more than half an hour to each man in eight 
days. But suppose it were to be incessant, can half an hour 
in five daj% be thought so hard and great a degree of labour 
as to render th% working of the ventilators an impracticable 
thing? Is not the benefit proposed thereby, viz., the saving 
yearly of the lives of thousands, a sufficient reward for so small 
a piltance of labour? Shall it be said of the brave and un-^ 
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daunted sailor, tliat rather than pull his hand out of his 
bosom, and work for an hour once in ten days, he will choose 
to lie down and suffer hie brave manly spirit to be suffocated 
in a'fron^sy stench—a stench that has destroyed the lives of 
millions of the stoutest and bravest, for the lamp of life is 
sooner thereby quenqhed than many are aware of.”* 

All this argument is perfectly sound, and it must be ad¬ 
mitted, that each sailor ought to " work for an hour once in 
ten days,” in order to keep the ship well ventilated. It must 
al.«o be admitted, that under the old system of lightning con¬ 
ductors, the approach of every storm ought to have been a 
sufiicient warning to cau-se the erection of these safe-guards, in 
case the ship should be struck. There are many things in life 
Which men ought to do, and much learned and scientific elo¬ 
quence is repeatedly urged in favour of their doing them ; but, 
as indolence, indifference, and ignorance, arc not‘easily moved 
to exertion, the benefit must, if possible, be conferred without 
occasioning thought, trouble, or exertion to those who are to 
share in its advantages. 

Such a contrivance was introduced into English vessels of 
war, at the very time when the respective merits of Dr. 
Desaguliers and Dr. Hales’ schemes were being discussed. 
This was Mr^ Sutton’s air tubes, which will be noticed in the 
next chapter. These were perfectly successfulbut as the 
plan was made the subject of a patent, and some objection 

* The title of this book is curious, and it promises more than the ma¬ 
chines descrilMjd in it were calculated to perform. It is as follows:—“ A de¬ 
scription of ventilators, whereby great quantities of fresh air may with ease 
be conv^ed into mines, gaols, hospitals, workhouses, and ships, in ex¬ 
change for their noxious air. An account also of their great usefulness 
in many other respects; as in preserving all sorts of grain dry and sweet, 
and free from being destroyed by weevils both in granaries and ships, 
and in preserving many other sorts of goods; as also in drying com, 
malt, hops, gunpowder, &c., and for many other useful purposca Which 
was read before the Royal Society, in May, 1741. By Stephen Hales, 
D.D., F.B.S., Rector of Farringdon, Hampshire, and Minister of Ted- 
dlttgion, Middlesex. London, 1743.” 
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had been made to the paying for the use of it on board each 
ship, the scheme seems to have died with the inventor, 
for we find the complaints of the defective ventilatiop of ships 
to be as numerous as ever, and no further improvement appears 
to have been made until about the year 1785, when wooden 
pipes, about nine inches square, were introduced (for which 
brass tubes were afterwards substituted), running from between 
decks along the side of the ship, and opening into the atir over 
the gunwale of the forecastle.* The importance of this contriv¬ 
ance will be seen, when it is considered, that in frigates the sleep¬ 
ing-places of the men arc excluded from direct communication 
with the external air; and that a number of human beings 
crowded together in hammocks for hours together, in a small 
dark confined space, must be highly injurious to health. At¬ 
tempts had been made to remedy this by small scuttles cut in 
the the sides; but this was frequently objected to, as weaken¬ 
ing or endangering the .ship. 

One of the most recent additions to our ventilating appar 
ratus is Dr. Chowne’s patent air-siphon, which acts on a simi¬ 
lar principle to that of the smoko consuming stoves, described 
at page C8, (Fig. IG), and also at pages 105, 107, (Figs. 32 
and 33.) Fig, 32 was spoken of by Dr. Franklin, “as a 
kind of inverted siphon ; and as the greater weight of water 
in the longer leg of a common siphon, in descending, is 
accompanied by an ascent of the same fluid in the shorter, so 
in this inverted siphon, the greater quantity of levity of air 
in the longer leg in rising, is accompanied by the descent of 
air in the shorter.” In the specification of his patent, Dr. 
Chowne states his invention to consist in the application of a 
principle which he has found to prevail in the atmosphere, of 
moving u^ the longer leg of an inverted siphon, and of enter¬ 
ing and descending in the shorter leg, and this without the 

• This contrivance was first pointed out by Dr. Gilbert Blane, in his 
work On the Dteeases Incident to Seamen. London, 1785, and the 
idea iras suggested to him from a similar contrivance in La Nymphe, a 
French frigate. 
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necessity for the application of artiBcial heat to the longer 
leg. “ I have found that if a bent tube or hollow passage be 
fixed nnth the legs upwards, the legs being of unequal lengths, 
whether it be in the open air or with the shorter leg commu¬ 
nicating with a room or other plaOe, that the air circulates up 
the longer leg, and it enters and moves down the shorter leg, 
and that this action is not prevented by making the shorter 
leg hot whilst the longer leg remains cold, and no artificial 
heat is necessary to the longer leg of the air-siphon to cause 
this action to take place ; thus, is the direction of the action 
i»f air in a siphon the reverse of that which takes place in a 
'.ipuoii, or like bent passage or tube, when used for water and 
other liquid, wherein the water or other liquid enters and rises 
up in the shorter leg, and descends or moves down into the 
longer leg. And my invention consists of applying this prin¬ 
ciple when ventilating rooms or apartments, such as those of a 
house or ship, or other building or place.” 

He then goes on to describe the invention as applied to the 
rooms of a house where there are chimneys opening into such 
rooms, and says, in these cases, “ T employ the chimney as the 
longer leg of the air-siphon, which I arrange in order to ven¬ 
tilate a room, and I am enabled to use the chimney whether 
for the time being there is or is not a fire lighted in the fire¬ 
place of the room; but I prefer, when there is no lighted fire, 
that the fire-place should be closed either by a register stove 
being shut, if one be used, or, if not, by a close chimney-board, 
or by other convenient means, and I form a passage or channel 
either when constructing the building, or by cutting away, if 
not previously constructed, or I otherwise form such channel 
or passage, or more than one, from the upper part of the room, 
or near the ceiling of the room, and cause it to descend and to 
enter the chimney at a point above the top the fire-place, 
when it is an open fire-place, and it may be lower down when 
closed; and in order that the whole of the upper part of 
the room may be in communication with such descending 
passage or channel leading to the chimney, I form a hollow 
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comice suiRciently open to allowr of the atmosphere at or near 
the upper part of the room to flow into the same, and owing 
to the atmospheric siphon which will thus be formed, there 
will be a constant flow of the air in a direction from the upper 
part of the room down the descending channel or passage, 
which will represent the shorter leg, and thence into the 
chimney, and away up the chimney, which will constitute the 
longer leg of the air-siphon.” 

When fixed gas-burners or lamps are used, then he prefers 
that a tube or hollow passage should be conducted down to 
form the shorter leg of the air-siphon, in any convenient 
direction, and be caused to enter the chimney as before de¬ 
scribed, or such channel or passage may be of metal or other 
material projecting from the walls of the buildings, or it may 
be down pillars or channels independent of the walls, where 
the architecture or ornamental portion of the walls or other 
parts will admit of it; and, so far from its being necessary 
that there should be any bell over the chimney of a gas-burnej- 
or other lamp, the patentee has found, that having close to * 
the top of the glass chimney a lateral tube, opening into the 
shorter leg of the siphon, is* by far the most eflectual way of 
getting rid of the heated air from the lights: the products, in 
place of rising up and becoming diffused in the room, pass rapidly 
through the lateral tube into the shorter leg of the siphon. 

Dr. Chowne states, that he has at all times found an up¬ 
ward current in the longer leg of his siphon, whether that 
longer leg consisted of the shaft of a chimney or a pipe run 
up against the outside of his house, and bent at the bottom, 
so as to form the shorter leg. This result certainly does not 
agree with experience; for, unless means exist for establishing 
an upward current by the application of heat to some part of 
the inverted siphon, we must suppose that a descending cur¬ 
rent is as likdy to exist in the long leg of the siphon as an 
ascending rf)ne. In summer, there is a constant interchange 
taking place,botween the air of our apartments and the exter- 
nal*air, by means of the.chimney flues, which afford the readiest^ 
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method of intercommunication. Whetlier the current in the 
flues be ascending: or descending, depends chiefly upon differ¬ 
ences of temperature within and without; but, as the brick¬ 
work. of chimneys often gets heated by the vicinity of the 
kitchen flue, or even by the sun shining upon it during the 
day, an ascending current is more likely to be sustained than a 
descending one, since brick-work will retain its heat for many 
hours. When,according to Dr. Chowne’s arrangement,the chim¬ 
ney opening is stopped up with the exception of an aperture for 
receiving the short leg of the siphon, the following phenomena 
are likely to take place. If, during the daw, the room be occu¬ 
pied, and its temperature be raised by the respiration of the 
occupants, and the doors and windows be kept tolerably close, 
there will be an upward current in the chimney whicli will 
draw upon the air of the room, and ventilation will go on. 
As evening advances, and lamps and candles are introduced, 
the doors and windows still being closed, the increased elas¬ 
ticity of the air of the room arising from these sources of heat 
a would be likely to counteract any tendency*of the air to de- 
.scend the chimney or long leg of the siphon. In fact, the 
system of ascending currents which has been perfectly main¬ 
tained during the day, is strengthened and supported by 
night, in consequence of the increased elastic force of the air 
of the room maintaining and assisting the ascending current; 
and hence, ventilation will be maintained by night as well as 
by day; and even, when the lights arc all extinguished and 
the occupants have retired, the temperature of the room 
being greater than that of the outer air, ventilation would 
still go on up the chimney, although in a more feeble manner, 
provided the doors be kept closed. If the doors were left open, 
the room would gradually cool down, and the ventilating 
system might possibly be overturned by a descending current. 
In fact, this system of ventilation seems closely to resemble 
the cases mentioned at pages 87, 88, where two fires are burn¬ 
ing in one large room; ‘if one bum well and the^other badly? 
and the doors and windows be tight, ^o that there is neft a 
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sufltcient supply of air in the room to support combustion, the 
briskly burning fire will draw upon the chimney of the badly 
burning fire, and the air will be drawn down its shaft to make 
up the supply. Or a strong kitchen fire badly supplied'with 
air, will draw upon the other chimneys of the house whenever 
a door is left open. In Dr. Chowne’s arrangement, when once 
an upward current is established, the long leg of his siphon is 
in the condition of a briskly burning fire, and the room or 
space to be ventilated is in the condition of the badly burning 
fire, whose shaft is drawn upon to supply its more vigorous 
neighbour.* 

The statement, that there is always an ascending current in 
the long limb of the siphon, except occasionally during gusts 
of wind, we should be disposed to doubt. If an inverted 
siphon of large bore be erected in the middle of an open plain, 
far from any artificial disturbing causey and the long limb be 
from 20 to 50 feet high, and the short limb only a few feet 
high, there is no reason why there should be any current at 
all within the tube, so long as the enclosed air were of the same ‘ 
temperature as that on the outside. But if the sun shone 
upon the tube, an ascending current would be generated j 
if a very cold wind blew upon it, or if after rain the evapora¬ 
tion from the surface were strong, and by such means the tube 
were greatly reduced in temperature, a descending current 
would probably be established. 

The whole system, however, is ingenious, and deserves 
attention. The writer had an opportunity of seeing this 
ventilator in action at one of the evening meetings of 
the Pharmaceutical Society, on the 15th of May last, and it 
seemed to be very efficient. A number of gas-burners ar¬ 
ranged round the short leg of the siphon, discharged into it 
• 

• At the tin* of revising this sheet, the writer is sitting in a study 
in which lamps have been burning for some hours. There is no fire in 
the study nor in an adjoining dining room, which is separated from it 
by a wall, and yet the chimney of the study draws upon the chimney 
of the dining room, for there is a strong downward current in the latt^ 
and an ascending current in the former. 
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all the products of combustion so completely, that the hand 
could be held immediately over the glass chimney of any one 
of the burners without the slightest inoonvenicnce, and a 
piece of white writing paper, permanently fixed an inch or 
two above each cliimney, was neither blackened nor scorched. 

Many years ago, Tredgold recommended a siphon for with¬ 
drawing the foul air from the interior of apartments. “ If an 
inverted siphon,” he says, “ be placed with one leg in the 
chimney, so near to the fire, tliat the air in that leg will be 
w armer than the air in the other leg, motion will take place; 
for the air will ascend in the warm leg and go up the chim¬ 
ney, and a descending current in the cool leg will take the air 
from the room. To render the application of this principle 
successful, the mouth of the tube should be at the ceiling of 
the apartment; the lowest part of the curve should be, as 
much as convenient, below the point where the heat is applied; 
and the aperture through which the air flows into the chim¬ 
ney, should be formed so that the soot may not fall dowm the 
‘ tube ; also, the mouth should have a register to close it, or 
rcsrulate the ventilation.” 


CHAPTER II. 

f'N THE VENTILATION OF HUILDINOS, SHIPS, MINES, ETC., liY 
MEANS OF ASTIFICIAL HEAT. 

Among the special contrivances for producing ventilation, 
combustion occupies a prominent part. By applying heat to 
tlie air in the upper part of the ventilating tube, the air of the 
place requiring ventilation is drawn upwards with increased 
rapidity, and fresh air rushes in with a proportional increase 
of rapidity to supply its place. This method of producing 
artificial ventilation seems to have been first described py 
|lodolphus Agricola, in the sixteenth fcentury. In his book, 
he re Jilelallica, he speaks of the method of drawing the foul 
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air out of a mine, by suspending a large fire in the middle of 
the shaft, a method which has been practised in mines ever 
since his time. This method does not appear to have been 
adopted in the ventilation of crowded rooms, until thb year 
1723, when Dr. Desaguliers was requested to endeavour to 
improve the arrangements made some years before by Sir 
Christopher Wren, for the ventilation of the House of Com¬ 
mons. Wren's plan was as follows:—a large square hole was 
made in the ceiling at each comer of the house, and over each 
hole, in the room above, was erected a hollow truncated pyra¬ 
mid, six or eight feet high, constructed so as to be closed at 
pleasure. The vitiated air of the house escaped by these 
holes when the temperature was sufficient for the purpose; 
but it often happened that the colder and denser air of jhe 
upper room not only stc||^ped the ascending current, but 
poured down in cataracts upon the piembers below. This 
defective arrangement was remedied by Dr. Desaguliers, in an 
ingenious manner. He constructed a closet at each end of the 
upper room between the pyramids, and conducted a trunk* 
from tlic pyramids to the square iron cavities that surrounded 
a fire-grate in each closet. When, therefore, the fires were 
lighted in these grates, air ascended from the house, 
through the heated cavities, into the closets, and was thence 
di.scharged up the chimneys. This arrangement is represented 
in Fig. 7 0, in which c c are the pyramids at one extremity of 

Fig. 76. 



the room, opening from the ceilings of the house ; e (», two 
pipes leading from them to the fire-grate, a h. The heat of the 
fire, rarefying the air in the iron cavities, ar a:, a current would 
be^ produced in e e, and the air from the pyramids would 
flow out at a: a? into th*e closets, and thence into the chimney** 

E 5 
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The principle of this aimngemcnt is perfectly sound, and 
there is no doubt that it would have answered the purpose 
required, if it liad had fair play. The cause of its failure is 
curious. Mi’S. Smith, the housekeeper of the House of Commons, 
feeling herself aggrieved at being disturbed in the possession of 
“ her rooms,” discovered an easy method of persuading the 
honourable members that the philosopher’s plan had failed. 
Slie carried her point, “ by not having the fires lighted until 
tiie iiouse had .sat some time, and was very hot; for then the 
air in the closets that had not been heated went down into the 
house, to an air rarer and less resisting, whereby the house 
became hotter, instead of being cooled. But when the fire 
had been lighted before the meeting of the members, the air 
went up from the house into the closets, and out of their 
chimneys, and continued to do so the whole day, keeping the 
hou.se very cool.” The failure of fliis plan led to the intros 
duction of tlie rotatory fan, already noticed (page 182).”* 

About the time of the controversy between Dr. Desaguliers 
and Dr, Hales, respecting the merits of their machines for 
ventilating ships, as described in ilic last chapter, a new rival 
appeared, with a contrivance which far exceeded cither of 
theirs, in point of practical utility, from the circumstance of 
its being self-acting. Mr. Samuel Sutton, a brewer, being 
moved with compassion towards the unhappy soldiers who 
were suffering in the ships at Spithead for want of fresh air, 
felt himself “obliged to do all that was possible for their 
relief in these unhappy circumstances,” and even submitted to 
all sorts of slights and humiliations rather than forego his 
laudable desire ti^bcnefit mankind in general, and the navy 

* “Sir George Beaumont and some other memlicrB observing that 
the design of cooling the house was frustrated, asked me in 1736,’' says 
the Doctor, “if 1 could not find out some contrivance *0 draw the hot 
and foul air out of the house by means of some person that should 
entirely depend upon me, which I promised to do, and effected; calling 
the wheel a centrifiiyal or blowing vjhctl, and the man that turned it a 
vejitilcUor." 
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in particular, by the introduction of his apparatus. Without 
at all desiring to call in question the humane motive of 
Mr Sutton, it must still be confessed, that in the introduction 
of his apparatus, he had a keen eye to his own interest. * Not 
that this is objectionable in any inventor, for there can be no 
doubt that a benefit conferred by a man upon his country, is 
deserving of reward ; but the mixed motive is objectionable— 
urging the invention forward on the plea of humanity, and, at 
the same time, asking for a large pecuniary reward. Wlieii 
Dr. Arnott advocates the general introduction of his inven¬ 
tions, on the ground of humanity, the motive is pure and 
honourable, for he takes out no patent, and hints at no reward ; 
he seeks only to be useful to his fellow-creatures. 

Mr. Sutton’s invention is, however, very meritoriou^ and 
in his curious and amusing narrative,* we read a minute 
account of its origin and progress. It originated in the fol¬ 
lowing circumstance. In a room which had three fire-places, 
the windows and doors were made to fit as tightly as possible, 
so as to exclude the external air. Having made a large fire • 
in two of the fire-places, it was found that the wind came 
down the chimney of the third fire-place with such force, as to 
blow out a candle. This suggested the idea of ventilating 
the different parts of a ship ; for as a fire is always kept burning 
on board, it was supposed that a pipe or cavity opening from 
any part of the ship to the fire, would draw the air along 
it to feed the fire, thus occasioning a fresh supply to the part 
of the ship whence the air was subtracted. This idea being 
once conceived, Sutton sought every opportunity of consulting 
naval men on the subject of the ventilation of a ship. On 

• An Hidoriml Account 0 / a Nm Method for extracthiy tJie Foid 
Air Old of Ships, d;c. By Samuel Sutton. London, 1745. A second 
edition \s-a8 pul^iBhed in 1749, containing two favourable accounts of 
the invention, read before the Royal Society by Dr. Mead and Mr. Wat¬ 
son, and a •Discourse on the Scurvy, by Dr. Mead who thought that 
that fatal disease would be greatly mitigated by the introduction of 
Sutton’s apparatus on botud ships. 
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oae occasion, he says, “being at a coffee-house near the 
Admiralty, I placed myself nigh some gentlemen of the navy, 
and inquired of them, as I had before of others, as to the use> 
fulness of “the forementioned change of air, who all, to a man, 
acknowledged that it would be of the utmost service, and upon 
their unanimous approbation of it, I told them that I could 
procure such a change of air: upon which one of the company 
went to another table, and the rest followed him; and I heard 
him tell the others, that ho heartily pitied me as being really 
mad, and out of my senses.” Sutton had solicited an inter¬ 
view with the Lords of the Admiralty, which was granted, and 
he received a letter of introduction to Sir Jacob Ackworth. 
On presenting it, a meeting was appointed five days afterwards 
at’ sev|n in the morning. The brewer was punctual, but the 
knight kept him waiting the whole day, and it was not till the 
evening that he condescended to exchange a few words with 
him :—“ Sir, I suppose you intend to throw air into the wells 
of ships 1” “ No ; I propose to draw it out by means of fire.” 

Do you know how far you are to draw it out ?” “ Not six 
inches; for if I can extract it never so small a distance, the 
incumbent air will press forward, of course, and cause a con¬ 
stant change.” Sutton then expressed a hope that a time 
might be appointed for a trial of his scheme, but the knight 
replied that no exj^eriraent should be made, if he could hinder 
it. This unmannerly treatment did not daunt the brewer. 
He petitioned the Lords of the Admiralty, and obtained an 
order to make an experiment in a ship of war at Woolwich. 
Whereupon he proceeded to erect his apparatus, and had com¬ 
pleted it, except the soldering of two pipes, when a messenger 
from the builder of His Majesty’s yard appeared, and ordered 
the workmen ashore. In spite of all remonstrances, the work 
was suspended, and next day the apparatus was taken down, 
and the holes were plugged up. Under these discouraging cir¬ 
cumstances, Sutton introduced himself to Dr. Mead,‘the king's 
physician, who at once encouraged the scheme, and succeed^ 
jp getting Martin Folkes, the President of the Royal Society, 
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to favour it. Under this powerful patronage, the Admiralty 
were induced to order a trial to be made of the apparatus on 
board any of His Majesty’s ships in the river. Accordingly, 
Sutton fixed upon the hulk at Deptford, but he had great 
difficulty in getting his orders executed; the workmen of the 
King’s Yard “ were busily employed in tiying the usefulness 
of another machine, industriously set on foot to supplant 
mine“ the excessive shyness and caution of the gentlemen 
of the yard led me to conclude that my scheme at last would 
be set aside, in spite of all the steps I could take to prevent 
it; and I was confirmed in this opinion when I found the 
pipes were made of wood between five and six inches wide, in 
such an unworkmanlike manner, that to render them tight, I 
was forced to get size and paper from Deptford to put over 
the joints; and that, moreover, many hands were employed in 
erecting wind-sails, in order to shew that they could thereby 
procure as much air as my scheme would afford.” But, at 
length, in September, 1741, the trial was made before some of 
the Lords of the Admiralty, the Commissioners of the Navy,* 
Dr. Mead, Martin Folkes, Jlsq., and several other members of 
tlie Royal Society. Sir Jacob Ackworth welcomed this dis¬ 
tinguished company, by remarking, “ I am soriy that you 
are come to see the trial of such a foolish experiment, that I 
tried myself yesterday, and it would not shake a candle.’* 
Sutton ventured to reply that the apparatus would be in good 
humour that day, and that the end of every one of the pipes 
would blow out a candle. The experiment was accordingly 
made, and although Sutton complains that the tarpaulins 
which he had placed over the hatches had been removed, the 
success was complete, and his friends were satisfied.* The 

• Mr. Wataon reported to the Royal Society, that Sutton’s machine 
brought up airrf' from the bread-room, orlop and well of the ship at the 
same time, in such quantity, that large lighted candles being put to the 
end of the tubes, the flame was immediately sucked out as fast as applied, 
though the end of one of the tubes was above 20 yards distant from the 
fire.” • •• 
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result of this trial was, that, in November following, Sutton was 
sent by the Lords of the Admiralty to Portsmouth to fit up 
his apparatus in the Norwich man of war. Sir Charles Wager 
gave him a letter to the Commissioner at Portsmouth, in which 
he sensibly remarks, “this contrivance is approved by much 
wiser men than 1 am in such things, and, therefore, 1 desire 
you would let Mr. Sutton have all the encouragement and 
assistance you can give him.” He also requests that Sutton 
may “ meet with no obstruction or discouragement from any 
body that may think themselves wiser.” After this, as may 
be supposed, Sutton had nothing to complain of in the Ports¬ 
mouth dockvard. 

Sutton now thought it high time to ask for a “ suitable 
reward for his useful invention, and reasonable suitisfaction for 
his trouble, loss of time to the neglect of his other affairs, and 
expense.s in the execution of the same.” Ho plied the Admi¬ 
ralty with petitions, but received no answer until the lltli 
June, 1743, when he was furnished with an extract from a 
letter from the Captain of the Norwich, containing his report 
as to the working of the apparatus, on a voyage to the Coast 
of Guinea, the West Indies, and back. The Ca])tain’s report 
is as follows :—“ As to the air-pipes which were put on board 
of me, I was obliged to stop up two of them, by rca.son the 
fire came down between decks—the other, to the well, was 
kept open ; but the ship making water enough to keep her 
sweet, I was not able to judge of thpir use, having been so 
healthy as to bury only two men all the time I was on the 
coast.” The healthy state of the crew, during such a voyage, 
was, at the period to which we now refer, something so extra¬ 
ordinary, that the Captain's report, which was intended to 
condemn the scheme, is really a high eulogium on it, seeing 
that one of the pipes was allowed to remain open during the 
whole voyage. * 

At length the Admiralty made their report, in which they 
stated that the apparatus “ does not, in all re.spects, come up 
to the expectation, and that the use thereof is dangerous add 
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liable to accidents by fire, yet as the said Mr. Sutton has 
employed a great deal of pains and time about the said inven¬ 
tion for the benefit of the navy, and had encouragement from 
their Lordships to do so, and their Lordships, beixfg desirous 
to give encouragement to persons who shall turn their thoughts 
to any inventions that may tend to the advantage of the navy,” 
directed him to be rewarded with the sum of otw hundr^ 
pounds ! Of course Mr. Sutton was very much disappointed, 
and very angry. He attributes his failure to the undue 
preference given to Dr. Hales’ ventilators. 

Mr. Sutton received the hundred pounds*"on account,” and 
did not cease to urge the merits of his invention upon the 
Admiralty, until he got an order to have his apparatus fitted 
to several ships. He then looked out eagerly for the reports 
of their resj)ectivc commanders, and was fortunate in get¬ 
ting a favourable return from Admiral Boscaweu, dated Table 
Bay, 9th April, 1748, in which he says, “I cannot help think¬ 
ing the air-pipes fixed in the men of war have been of great 
service, by purifying the air between decks,and thereby prevent- • 
ing the scurvy.” After this, the career of Sutton was crowned 
with success, which he modestly attributes to “the wisdom 
and zeal of the present Right Honourable the Lords of the 
Admiralty, and* the Right Honourable and Honourable the 
principal officers and Commissioners of His Majesty’s ^avy, 
who liaviiig taken the whole affair into their serious conside¬ 
ration, were so thoroughly satisfied of the great advantage 
that must accrue to the nation from the faithful execution of 
my scheme, that they have contracted with me for fixing my 
engine on board His Majesty’s ships, whether laid up or in 
commission.” As Sutton makes no further complaint we 
must suppose he was satisfied with the pecuniary part of the 
arrangement: as to his zeal for the good of his country, which 
he talks so mflch about, he took care that no one but himself 
should derive pecuniary benefit from the plan, by securing 
his invention by a patent.* This, however, at length, proved 

* The application of thft machine, as stated in the patent, is for r^f. 
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'more &tal to the scheme than the powerful opposition of Sir 
Jacob Ackworth, and the cool indifference of the Lords of the 
Admiralty. Sutton charged £30 for each ship of the Royal 
Nary*, or bf the East India Company, into which the appara¬ 
tus was proposed to be introduced ; and as this was thought 
too much for a benefit which many persons in authority were 
disposed to question, the scheme was abandoned in a year or 
two, and, after the death of Sutton, all traco of its existence 
seems to hare been eradicated from the minds of ship-builders 
and seamen, and Sir Jacob was left in undisturbed possession 
of his favourite wind-sails. 

Mr. Watson’s paper, which was read before the Royal 
Society, contains a very good account of Sutton’s invention. 
He describes the copper used for boiling the sliip’.s provisions, 
and the method of fixing it, with two openings below, divided 
by an iron grate. The first opening, having an iron door, is 
for the fire, the other for the ashes. In ordinary cases, the 
combustion of the fire is supported by air drawn through the 
ash-pit; but, on board ship, as both the fire hole and the ash¬ 
pit hole are furnished with doors to prevent the escape of fire, 
the air must be supplied by some other means. Accordingly, 

one or more holes, rs, Fig, 77,* are 
made through the brick-work in 
the side of the a.sh-pit, u, and 
tubes of lead or copper are fitted 
clo.sely therein, and conducted 
from thence into the well, and 
other parts of the ship ; thus drawing otF therefrom the foul 
air, and sending it through the fire, v, it escapes up the chim- 

moTiDg noxious air from “ mines and caverns in the earth, dungeons, 
prisons, and all infected places.” It may also be used in “ hot-houscs 
and walls, which will greatly warm the earth for the spjcdy production 
of its fruits, and also in granaries, for the preservation of com and grain." 

* In the plan. Fig. 78, b is the ash-pit^ b b the copper pipes opening 
into it, 0 the oven, n a vent-hole, and k k the pipes, continued to ^y 
;part of the ship. 


Fig. 77. 
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iiey. At the same time, a supply of fresh air rushes in at 
openings about the ship, to occupy the place of the bad air. 
This circulation of air not only goes on while the fire is burning, 
but so long as the fire-place, copper, or brick-Wbrk remain 
warm, as was observed on board the hulk at Deptford, when 
the draught of air through the tube lasted above twelve hours 
after the fire was taken away. “ This being considered, as the 
dressing the provisions for a number of people will take up 
some hours every day, the warmth of the brick-work and flues 
will continue a draught of air from one day to iiie next, Mr. 

Sutton proposes thus to circulate the air by the same 

and no greater expense of fire, than is customarily used 

^ for the necessities of the 
Fig. 78. 1 1 ship.” The lai|fer the ship, 

n ^ ^ greater the number of 
men on board, and the larger 
the quantity of provisions, 

so that more time and fuel 

will be required in preparing* 
them, and the more perfect 
will be the ventilation. The 
size and number of the tubes 
is of little consequence, for 
the larger the tubes, and the 
greater their number, the less 
the velocity of the air, and vice 
versa. Mr. Watson notices, as 
an essential condition of the 
perfect action of the tubes, 
that both the fire door and the 
ash-pit door be kept closed. 
In large ships there is not only 
a copper, but also a fire-grate^ 
L, (Fig. 78) like that used in 
kitchens. Behind this gi^te, 
copper tubes, r r, were alsp. 
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fixed and carried through the brick-work, so that one extremity 
thereof projected about a foot into the chimney, G,and the other 
end opened into the hold, or any other part of the ship; so that 
the air rushed along this tube into the draught of hot air in 
the chimney.« To obviate the objection to the space occupied 
by these tubes on board ship, it is advised that only one tube, 
of a convenient size, be attached to the side of the ash-pit, 
and, as soon as it passes through the main-deck, to give it the 
form which occupies least room; and from this main tube, 
branches might ramify to different parts of the ship, these 
branches being carried between the beams which support 
the deck, till they meet the sides of the ship, where they 
could be conducted also between the beams into the places 
intended. 

How admirably adapted is this plan to the ventilation of 
steamers. A large central trunk might be made to feed the 
furnace, and into this trunk smaller branches from every cabin 
and sleeping birth might discharge their foul air, and thus 
^maintain every part of the vessel in a state of perfect salu¬ 
brity. That Sutton’s plan has not been entirely forgotten, is 
evident, from its having been applied in order to get rid of 
the offensive efiluvia arising from the coppers of soap-boilers, 
tallow-melters, and similar occupations, wliich often become a 
nuisance to a whole neighbourhood. The copper is set in the 
usual manner, and the furnace and ash-pit, funiished witli 
doors, BO as to admit of being perfectly closed ; the lid of the 
boiler is made to fit very tight, and a pipe rising from ’it is 
carried into a channel which opens into the ash-pit j the 
foetid matters rising from the boiler, are in this way made to 
pass through the fire into the smoke-flue. This plan is said 
to have answered perfectly, so that a factory which was for¬ 
merly most offensive, became entirely free from offensive 
odours. ® 

In the two schemes thus detailed, that of Dr. D^saguliers, 
for ventilating the House of Commons, and that of Mr. Sutton, 
for ventilating ships, &c., we have the principle of ventilating 
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by artificial heat carried out with j^rfect success. A hu^e 
number of plans have been subsequently contrived on the 
same principle, many of them made subjects of patents; and, 
although it is more than probable, that the reactive in¬ 
ventors not only did not copy them from, but had never heard 
of either of the plans above described ; yet, as they are iden¬ 
tical in principle, and very similar in detail, it is not necessary 
to particularize them. A few examples, however, may be no¬ 
ticed of the ventilating of public buildings, and as the House 
of Commons has often been made the subject of experiment 
in tills way, ns already noticed, it may be interesting to state 
a few particulars respecting the warming and ventilation of 
the House of Lords. 

Sir Humphry Davy having been requested to devise some 
scheme for the purpose, submitted to the Lords Commissioners, 
in February, 1810, his proposals; and in September, 1811, in 
a letter to the Earl of Liverpool, he* thus briefly recapitu¬ 
lates the heads of his plan :—“ To convey fresh air into the 
House, I propose flues of single brick connected with the flues* 
for sending hot air through the vaults under the floor, and 1 
propose that this fresh air should be admitted by numerous 
apertures in the floor of the House, and supplied to the flues 
by pipes of copper or plate iron from the free atmosphere. 
The air in this case will be always fresh, and, by regulating 
the fire, may be more or ||ss heated, according as the tem¬ 
perature of the room is low or high. 

“ To carry oflf the foul air, I propose two chimneys, or tubes 
made of copper, placed above the ventilators, and conne||ed 
with wrought iron tubes, which can be heated by a small nre, 
if a great draught is necessary, as in cases when the House 
isfhlL 

“ Should this plan be adopted, there would be no necessity 
for opening windows; the foul air would be carried off from 
above; wu-rm air or cold air, whichever is necessary, may be 
supplied from below, and there would not be, as now, any 
stfltgnation of air." « 
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The plan aecompanyinf this letter, of which the above is an 

extract, is shewn in Fig. 79. 
V is one of the ventilatinfr 
apertures in the ceiling of the 
House, covered with a chimney 
of copper, c; this is continued 
by an iron tube, i. which passes 
through a small furnace, f. c 
is another copper tube con¬ 
nected with the iron one. The 
upper end of this tube, was 
only one foot in diameter; it 
opened into a cowl on the roof 
The furnace, p, was contained 
in a fire-proof house erected 
for the purpose on the roof. 

This plan does not seem to 
have been very successful; for 
•Bfr. Adam Lee, in his Report to the Lords’ Committee, in 
June, 1813, states, that on very crowded nights, it was im- 
pc^ible, by means of the present ventilators, to draw otf the 
heated air; the temperature in the House frequently rose to 
80®, and would have been higher if the windows had not been 
open. Instead of the ventilation pipe, one foot in diameter, 
it was proposed to erect enlarged j^pes of three feet diameter, 
fomished with registers to close them, to prevent cold air from 
blowing into the House when the ventilation was not wanted. 

pipes were to be conveyed in an oblique direction to 
the fire-proof house, and to be-capped at the top with a cowl- 
head. The fire to the ventilator was considered unnecessary, 
and even objectionable, on account of smoke getting into the 
House down the ventilator. “ I have, at various times, taken 
m opportunity,” says Mr. Lee, “ of going on the top of the 
House, and have put my head over the ventilation pipe when 
the fire was at full heat, and have not perceived the hot air 
coming from the House. I have likewise tried, at other timbs. 


FIr. 79. 
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without fire, and have found a very strong current of hot air 
from the body of the House.* 

Mr. Lee’s plan for ventilation was tried and failed. There 
is no doubt, that after abolishing the furnace, and introducing 
wide tube.'^, a down current was as likely to be admitted into 
the house as an ascending current out of it; and the contriver 
himself, who thought himself a wiser man than Sir Humphiy 
Davy, has afforded a sufficient satire on his own improvements, 
by proposing to place rotatory wheels in his wide tubes, in 
order to make them discharge the air the right way. It is 
satisfactory to learn, that their Lordships did not accede to 
this proposal. They consulted Mr. James Wyatt, the archi¬ 
tect, who made some changes in the House, and erected some 
apparatu.s. Thi.s perished in the fire in 1834, which led to the 
destruction of both Houses. 

In the following year, a Select Com^pittee of the Commons 
examined a number of witnesses, consisting chiefly of scientific 
and practical men, with a view' to discover the best, or, at 
least, a good method of w'arming and ventilating the New*^ 
Houses of Parliament about to be erected. In their Report, 
the Committee advised that some plan should be systemati¬ 
cally adopted before the commencement of the new buildings, 
from a conviction, that whatever plan should afterwards be 
selected, “ provision should be made for its adoption, in the 
first instance, by the architect, so as not only to insure its suc¬ 
cess, but to prevent needless expense and inconvenienceand 
that, for this purpose, “ the whole space immediately below 
the two Houses, as well as that between the ceiling and%ie 
roof, be prepared and altogether reserved for such arrange¬ 
ments as may be necessary for th* object in view.” The 

plans proposed by Dr. Reid, were favourably noticed, and it 

• 

* In this Kaport, it was also stated, that the flues were arranged 
horiaontally round the chamber of the House, 100 feet in length and 
upwards, &id that the smoke remained in them for a considerable 
time, sometimes producing a strong smell of sulphur in the House 
itself. * 
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Vas recommended that some, if not all, of his alterations 
should be submitted to the test of actual experiment, " as the 
only means of ascertaining: with accuracy the soundness of the 
principles laid down in the evidence, and their useful applica¬ 
tion to the future Houses of Parliament.” 

The temporary building for the House of Commons having 
been found very defective, in respect both of warmth and* ven¬ 
tilation, this building was placed at the disposal of Dr. Reid. 
It had been warmed by the ordinary warm water system: the 
large flat tablets through which the water circulated were 
placed in a room under the House, and occupied a surface of 
about nine feet square ,* they were four feet high. 

Dr. Reid’s arrangements were as follows:—Two or three 
feet beneath the floor of the House, a second floor was formed, 
containing about twenty apertures each about eighteen inches 
square. Beneath the second or lower floor, is a long passage, A; 
opening into this, are two others of an equal width, n and c; in 
the passage, b, is placed the warm water pedestal. Large folding 
“doors are placed before the entrance.^, and within these pas¬ 
sages ; the temperature of the house above depends on the 
relative adjustment wnth each other of these folding-doors. 
Fresh air, either warm or cold, according to the season, cai be 
produced ; and it can be changed from warm to cold, or the 
contrary, as the variable external temperature of the day or 
hour requires. This will be understood by referring to. the 
section (Fig. 80), and the plan (Fig. 81). The fresh air enters 
from Old Palace-yard, through the perforated wall, D. If the 
folding-doors 1 and 2 are opened, and all the rest closed, the 
air will enter the passage, a, passing through the pedestals 
placed in B, and warm air only will be supplied to the house 
above. If air moderately warmed be required, the doors 3 
and 4 are opened in addition to 1 and 2, and two currents, 
one cold and the other warm, are then produced, which meet 
and blend together in the passage, a, and then ascend. If air 
of the external temperature only be required, the doors 3 and 
4,are alone opened. If required to be onfy moderately warmed. 
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3 and 4 are opened, 1 half opened, 2 closed; the small folding- 
doors, 5 and G, are then opened, and a slight current of warm 
air passes through the small passage e, and mixes with the 
cold current entering at c. The folding-doors in this passage 
can likewise be opened when 3 and 4 are closed, and a cur¬ 
rent of warm air will then be conveyed to one end of the 
j)assage a. 

The air, whether warm or cool, rises through the apertures 
u a a, into the space beneath the real floor of the house. 
Immediately over these openings are large platforms, sup¬ 
ported by short feet, the eflect of which is to disperse the 
great body of air admitted. The air then enters through 
openings made in the actual floor of the house, these open¬ 
ings being exceedingly small, very close together, and abcAit 
300,0t)() in number. They are about one-sixth of an inch in 
diameter on the surface of the floor, but expand down¬ 
wards, to prevent their being stopped with dirt or dust. 
The sides of the House under the galleries are battened or 
brought forward five or six inches, and in the space thuN- 
formed between the framing and the wall, the air ascends and 
pusses out through the floors of the members’ galleries, per- 
forj^ted for the purpose in the same manner. The floor of the 
House and galleries is covered with a thick horse-hair mat¬ 
ting with large meshes, to allow the air to ascend through 
them. 

The force which sets this great body of air in motion, is 
the ventilating shaft, a, in which a powerful upward current 
is generated by means of a large fire, as will presently be 
explained. 

In summer, when the air transmitted into the House is 
required to be cool, various contrivances can be resorted to in 
the chamber immediately behind the perforated wall, D. The 
air might b^made to pass into the chamber a, over wet sur¬ 
faces, and be cooled by evaporation, or ice may be suspended 
in netting between the piers in the chamber. 

* A new ceiling was also constructed a few feet below the 
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former one, for the purpose of favouring the transmission of 
sound. This ceiling is divided into three portions, the cen¬ 
tral portion being horizontal from one end to the other; the 
other two compartments inclined so as to make an angle of 
SO** with the floor of the house. These two inclined portions 
are glazed, but the centre is panelled, so as to assist in the 
ventilation of the House. An inclination has also been given 
to the ceiling beneath the members' galleries, corresponding 
exactly with the inclination of the lateral compartments in the 
newlj constructed ceiling above. 

The ventilation of the House is accomplished in the follow¬ 
ing maimer :—Each panel of the centre compartment of the 
ceiling is raised by blocks several inches above their styles, 
thus admitting the air of the House into the space, f, between 
the two ceilings. The rapid removal of this vitiated air, and 
the consequent rushing in of fresh air from below, is efiected 
by the large shaft, o, erected in Cotton Glarden, at a distance 
of about 20 feet from the eastern wall of the building. About 
ten feet from the surfSsce of the ground is a very large coke or * 
coal fire, which produces | powerful current up the shaft. 
Now the space, r, between the two ceilings of the House, 
opens at the north end into a large square shaft, which is con¬ 
tinued downwards, and opens underground into the circular 
shaft, a The consequence of this arrangement is, that when 
the current of hot ascending air is produced in the circular 
shaft, there is a downward draught through tho square shaft, 
thereby rapidly withdrawing the air from within the House, 
and causing the fresh air to rush into it from openings in Old 
Palace-yard. A damper at B, in the square shaft, regulates 
the draught in the shaft, a, and consequently, as it is more or 
less opened, the supply of air to the house can be regulated 
according to the number of members present. 

The height*of the ventilating turret above the ground is 
110 feet: !t is 12 feet in diameter at the base, and about eight 
feet at the summit. 

The system thus described, has been in operation for somen* 

L 
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years, and may, we think, bo pronounced as one of the most 
extensive, and, upon the whole, one of the most successful 
experiments in the warming and ventilation of a building that 
has been niade in this country^ The arrangements are made 
with considerable skill, and display a good knowledge of the 
subject. That they have not been completely successful need 
not excite surprise, when it is considered that the plans of some 
of the most eminent scientific men have been partial failures. 
That Dr. Reid should have failed in doing what he proposed 
to do in the case of every building which he took in hand is 
no wonder, when it is considered that each building presents 
its own peculiar set of difiiculties, and that the facilities are either 
very few or absent altogether; for, as Dr. Birkbeck remarked, 
in his evidence before the Committee, “ Heating and ventila> 
tion, especially the latter, seldom enter into the mind of the 
builder when he projects his building.; he begins as if ho did 
not know that ventilation could be necessary ; he trusts to the 
doors and to the windows, to neither of which belongs the 
‘business of ventilation. The doors admit the occupants to 
the chambers; the windows the light; and apertures ought to 
be introduced to admit air for ventilation as regularly os the 
other openings.” Or, as Dr. Faraday remarked in another place, 
^'The builder makes the doors and the windows to fit as 
tightly as possible, and then the poor chemist is called in 
to provide fresh air.” Under such circumstances, the poor 
chemist can only do his best The laws of nature will not 
accommodate themselves to him ; he con only apply them as 
far as they admit of application in a building, where every 
thing seems to have been arranged for the express purpose of 
defeating their operation. And even when the best arrange¬ 
ments are made which the circumstances will admit of, their 
eificient working requires the constant superintendence of a 
man of intelligence, instead of an ordinary stoker or porter. 
For if the room, or court, or hall, or church, or whatever it 

may be, be very crowded, the ventilation must be promoted as 
# ^ 
Hmch as possible, and the warming restrained. 1^ on the 



THE TEMFOSART HOUSE OF COMMONS. 


219 


contrary, the building contain only a few persons, and the 
external temperature be low, the warming must be increased, 
and the ventilation diminished. To meet all {he circum¬ 
stances of the case, for summer and for winter, for night and 
for day, without any assistance from the architect who de¬ 
signed the building, and your arrangements constantly ex¬ 
posed to defeat, by careless attendants leaving^ doors open, or 
by people constantly coming in or going out—to do all this to 
the satisfaction of every one, is a task which few scientific 
men would undertake. It is now the fashion to cry down Dr. 
Reid, and to call him by all sorts of ugly names ; this is very 
easy, as is every kind of criticism which consists in mere 
abuse and fault finding; iliiit, although we are no partisan^ of 
Dr. Reid, we venture to state our opinion, that in the case of 
the temporary House of Commons, where all the arrangements 
were left in his own hands, he has svfccecded in the proposed 
object of removing the vitiated air, and keeping up a constant 
supply of warm or cool air to fill its place. The following 
extract from a Parliamentary document contains, in few words, 
both the praise and the cwisure of this system, and with this 
we take leave of the subject. 

" A strong current of prepared air is now admitted, imme¬ 
diately under the entire surface of the floor, which is pierced 
with many thousand holes : after pissing through these aper¬ 
tures, the air is again distributed into many millions of other 
holes,by means of a hair-cloth carpet, through which it is drawn 
up towards the ceiling, where admirable arrangements have been 
made by Dr. Reid, for discharging it through apertures in the . 
edges of the panels; and thus the foul air is carried rapidly 
along a tunnel to feed the great ftirnace which creates this 
current of ventilation. It is obvious, that the air so drawn 
up through ,the hair-cloth carpet must be charged with par¬ 
ticles of ground dust or mud from the members’ feet; and 
that (so impregnated), it must be inhaled by those within its 
r£ach. I heard many members complain that it rests upon 
their faces, and eaters their eyes, and nostrils, and moutlll ; 

L 2 
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and from woful experience, some members know tbat it can 
find its way to their lungs.”* 

In theatres and similar places^ where a large central 
chandelier is used for the pttrp(»e» of illumination, advantage 
may be taken thereof as a powerful Tentilating agent. This 
was done many years ago by the Marquis of Chabanneiy who 
was engaged to warn and ventilate Corent Garden Theatre, 
and his arrangements will be understood 
by referring to Fig. 82, in which a is tiie 
ehandelier; e?, a pipe of wrought iron for 
the purpose of carrying off the beat and 
the products of combustion; e, a wooden 
case, into which air fiows at o and » from 
the ceiling; m m, pipes which conduct the 
vitiated air from other parts of the house. 
In one of the galleries was placed a furnace;, 
the combustieu of which was supported by 
the vitiated air from several tiers of boxes. 
A similar furnace was placed over the sti^, 
and the gas chandelier ventilated the cen¬ 
tre. The vitiated air from all parts of 
the house was discharged above the roof, 
through three trunks, each terminating in 
a cowl, tt. The air admitted into the 
theatre, to replace that which was carried 
off by this powerful ventilating apparatus, was warmed by 
means of a furnace, called a calorif^re, placed at every entrance 
and staircase which communi(»ted with the external air. The 
stage, and the parts behind the curtain, were wanned by steam 
cylindefs placed below the stage, Calorifers were also placed 
at every other point, whence a draught of cold air wm likely 
to issue. The effect of all these arrangements wp, upon the 
whole, satisfactory, and it is certain that this theatre was 

* Sir F. Trench to Tiscount Duncannon.^ Par. Pap. No. 204, 
t^. 1838. 
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beilier warmed and ventilated than anj other in London. 
Complaints, of course, were made. The atmosphere of the 
house was said to have a dry and stiding eifect; and, no 
doubt, in cold weather the air must hare been *drj, 'for if 
admitted at and below the freezing temperature, and then 
warmed to 6^° before it was inhaled, it would feel dry. But 
those who complained most loudly, probably, never inquired 
whether pure dry air at 65^ is not far better fitted for the 
purposes of respiration, than the vitiated air of crowded 
assemblies, the moisture which is of the most offensive 
character. 

The preceding details will sufficiently illustrate the prin¬ 
ciple upon which ventilation is conducted when fire or flame 
is used as the force to give motion to the ventilating current. 
The use of hot water, steam, as ventilating agents, will be 
noticed in the next chapter. There, are one or two special 
^Implications of ventilation, in which flame and fire are con¬ 
cerned, which belong to this chapter; these lU'e the ventilsr 
lion of lighthouses and of mines. 

Until within the last se^pn or eight years, no provision was 
made for the ventilation of lighthouses, a neglect or oversight 
the more extraordinary, when it is considered that the 
efficiency of a lighthouse depends on the brilliancy of the light 
exhibited, and this, in its turn, depends on the perfection of the 
combustion. If no means be taken to cany off the products 
of combustion, they must accumulate within the lantern, and 
greatly interfere with the usefulness of the light, as well as 
injure the health of the attendants. 

Let us consider for a moment what a lighthouse is, and 
what are the nature and amount of the products of combustion 
generated within it A lighthouse may be defined as a small 
room raised to the top of a tower sufficiently strong to resist 
the action of the waves and wind, as in the Eddystone, and 
the wind*in all cases; to bear all the beating and pelting of 
tl\e storm, and yet to be only walled with glass. Within 
this transparent rooui or lantern, a brilliant light or manjs 
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brilliant lights must be kept constantly burning during six¬ 
teen hours on a winter's night, and during eight hours in 
summer. According to one arrangement, a large and very 
powerful la'mp is fixed in the centre of the lantern, and this 
bums or consumes from 12 to 14 pints of oil in one hour. 
According to another arrangement, 20 or 30 small Argand 
lamps, each with a polishdd reflector behind it, are mounted 
on a revolving frame, and these consume from 15 to 20 pints 
of oil in one hour. 

Now as oil in every 100 parts contains 78 parts of carbon, 
11.5 parts of hydrogen, and 10.5 of oxygen, it will be seen 
that the products of combustion must chiefly consist of water 
and carbonic acid. Now there is enough hydrogen in lib. of 
oil to produce rather more than lib. of water; because, 1 part 
of hydrogen combines with 8 parts of the oxygen of the air 
to produce 9 parts of water. 

The 78 parts of carbon in 11b. of oil will, in like manner 
produce 2 ^<’ 5 ybs. of carbonic acid; that is, the carbon will 
deprive the air of nearly Slbs. weight of its oxygen, thus 
spoiling 13Jibs, or 172J cubic feet^of air, by depriving it of 
its oxygen. 

Such being the products of combustion of lib. of oil, it 
is easy to ascertain the products of the combustion of 
pints of oil, the quantity consumed per hour in the Tynemouth 
lighthouse. The most obvious inconvenience arises from the 
water, of which not less than 20 fluid pints are produced per 
hour; for that is the given quantity, if ‘ the vapour, as it is 
given off, were condensed. Now the lantern itself, in cold 
weather, affords a powerful means of condensation, especially 
when a cold frosty wind is blowing upon it. In such case, the 
vapour is not only condensed into water, but the water is 
frozen, and the plate glass of the lantern is often covered with 
a crust of ice, varying from a quarter to half an inch in thick¬ 
ness. If this ice were perfectly pure and transparent; it would 
dim and distort the light; but the vapour of water from the 
oJil carries with it minute particles of cUrbon or soot, which 



VBKTIUlTZNa LiaUTHOUSES. 


223 


condense with the water, and become entangled with the ice, 
thereby producing a further opacity. The carbonic acid is 
chiefly injurious to the attendants. The men at the Eddystone 
lighthouse told the writer, some years ago, that during the long 
nights of winter, they had great difliculty of breathing in the 
lantern, and that the “ foul air” descended into the sleeping 
apartment below, and produced great inconvenience. They 
also complained of the enormous amount of labour which 
they had every morning in cleaning the glass panes of the 
lantern, and the difficulty of getting rid of the ice. It was 
sometimes even dangerous to scrape it oflT, from the risk of 
fracturing the glass. 

The attention of the Trinity Board had long been directed 
to the removal of these evils, and about the year 1842, they 
requested Dr. Faraday to turn his attention to the subject. 
He did so, and after visiting various lighthouses, and making 
himself master of all the facts of ‘the case, he devised a 
remedy as simple and complete as could be desired. The re¬ 
sults of his investigation were given by him to the members 
of the Royal Institution, in a lecture, on Friday evening, the 
7th of April, 1843, which the writer had the privilege of 
attending. 

In tiiose lighthouses containing a single lamp in the centre 
of the lantern, the remedy consisted in lengthening the chim¬ 
ney of the lamp, or rather in placing over the glass chimney a 
tube of sheet iron, and carrying it through the roof of the lan¬ 
tern into the open air, the upper extremity of this tube being 
defended from the weather by a cover of some kind. In the 
other arrangement, a central chimney was also constructed, • 
and over the glass chimney of each lamp was placed one ex¬ 
tremity of a small tube, and this tube was curved in such a 
way, that the other extremity opened into the central chim¬ 
ney. Thesfl tubes, one for each of the 20 or 30 lamps, were 
supported by the frame which carried the lamps and their 
reflectors, and as the frame revolved, the ends of the tubes 
described each a small circle within the central chimney 



224 


fabaday’s system of 


without touching it. In this way the small tubes carried off 
all the products of combustion, without interfering virith the 
reflectors. The result in both cases was perfect, the central 
chimney over the large lamp carried off all the products of 
combustion; and the short tubes over the lamps in the re¬ 
volving lights also discharged the products of combustion into 
the central chimney, and this conveyed them to the outer air. 
The consequence was, that the interior 6f the lantern was 
always dry and healthy, and the windows remained perfectly^ 
bright. This system, as Dr. Faraday well remarked, may be 
called an adaptation of sewei’age to the atmosphere; aiirial 
sewers are employed to cany off the refuse of the spoiled air, in¬ 
stead of allowing it to accumulate in the house or apartment. 

• The success which attended this simple and beautiful appH- 
cation of ventilating chimneys, suggested to Dr. Faraday its 
introduction into dwelling-houses, for the purpose of completely 
and effectually discharging into the external air the products 
of the combustion of gas lamps. He was, moreover, incited 
to this, in consequence of an application from the Managing 
Board of the Athenseum Club, who found that in the library 
of that institution, the bindings of, many of the books, espe¬ 
cially of those on the upper shelves, were very much corroded, 
an effect which was attributed to the products combustion 
arising from the gas lamps with which the library was lighted. 
Now lib. of ordinary London gas produces, during combustion, 
as much as 2Jlbs. of water, rather more tlwui 2^lb8. of. 
carbonic acid, and takes from the atmosphere 2^1bs. of 
oxygen; thus spoiling 19 jibs, of air, or 251 cubic feet. But 
in addition to these products, sulphurous acid is also sometimes 
produced, owing to the presence of certain sulphurous com¬ 
pounds, which are not wholly removed in the process of puri¬ 
fication. This sulphurous acid, in contact with the air, oecomes 
converted into sulphuric acid, which attacks wails, furniture, 
books, &c. Dr. Faraday collect^ some of the watery products 
of combustion from the gas-burners at tlie Athenieum, and 
found it to contain sulphuric, acid; the ventilating tubes 
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placed over the flame were corroded by the acid water in the 
places where it condensed, and formed a solid sulphate within 
the tube, of iron or of copper, according to the metal used. 
But Dr. Faraday did not attribute the corrosion of the books 
entirely to this source, but partly also to tiie heat, and partly 
to certain substances used by the leather dresser. • 

It is common to see in shop windows large glass be lN sus~ 
pended over the glass chimneys of gas-burners. These are, of 
course, of no use in carrying off the products of combustion, 
but merely serve to prevent the flame from blackening the 
ceiling. But if a pipe from the top of each lamp be led out 
into the open air, or into the chimney of the room, not only 
are the products of combustion carried away, but the gas- 
burners themselves often become powerful and eifleient venti¬ 
lators to the whole apartment, instead of being, as- before, a 
powerful source of vitiation. The inconvenience to be guarded 
against is the condensation of water in the pipe, for at a short 
distance from the gas flame, the watery product of combustion 
becoming cooled, condenses into water before it reaches the 
extremity of the ventilating tube; and if the tube ascends all 
the way from the burner, the water will even flow back and 
extinguish the flame, or otherwise annoy the persons in the 
room. 

But as the appearance of these ascending ventilating tubes 
in a i*oom is rather unsightly, Dr. Faraday got rid of th^i 
altogether, by making the hot air from each burner descend 
instead of ascending. This he accomplished by furnishing 
each burner with two concentric glass chimneys of unequal 
height, the lower one being the interior. The exterior or ‘ 
higher of the two chimneys is covered with a plate of mica, so 
as to prevent the draught from ascending higher than the top 
of this chimney. The descending current is established by 
applying heat to the bend of a ventilating tube, fixed at the 
bottom*bf the two chimneys, and turning upwards among the 
ornaments of the chandelier. When this current is fully 
established, the gas^s lighted, and the mica plate placed oyer 

L 5 . 
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the outer chimney. Each Argand burner is supplied with air 
in the ordinary way, through the centre, and the products of 
combustion are carried from the top of the inner chimney, 
down through the space between that and the exterior chim¬ 
ney, then along the descending ventilating tubes up into a 
eentral vertical shaft, which serves also to suspend the chan¬ 
delier and to enclose the gas pipes ; the products of combus- 
' tion are then received into a box above, and from this proceeds 
a pipe into the open air. A globe of ground glass, open only 
at the bottom, is placed over each lamp, and has an elegant 
though unusual appearance. It is said, that the two gloss 
chimneys produce more perfect combustion, and, consequently, 
a greater amount of light, than -with an ordinary Argand 
burner, with only one chimney. The flame is certainly larger, 
and of a redder colour than the ordinary gas flame. 

The ventilatioli of a coal mine is regulated on the principle 
of descending and ascending draughts. The reader is aware 
that those enomous deposits of coal which form so large and 
important a portion of the mineral wealth of (Ircat Hribiin, 
are called coal-Jields, in which the coal, situated at various 
depths from the surface, is separated into a number of distinct 
layers or strata, of various thicknesses, by means of layers or 
strata of slaty clay, called sluile, and coarse hai*d sandstone, 
called f7rU, forming altogether what arc called coal-ineasuns ; 
or,in other words, beds of sandstone, shale, clay, and coal, lie 
one above another, in repeated alternations, to a great depth. 
The strata of coal, however, technically called tieams, are very 
thin, compared with the other associated beds. Though ex- 
' tending under large tracts of country, they are often only a 
few inches thick, and never more than sjx or eight, feet, 
except one seam in Staflbrdshire, which is thirty feet. But 
the interposed strata of grit and shale often exceed 700 feet 
in aggregate thickness. Under this series, is the mountain 
limestone, forming various calcareous strata of variable thick¬ 
ness, sometimes eA:eeding 900 feet. This limestone rests on 
a l^d of old red sandstone, varying in thickness from 200 to 
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2,000 feet. The term, coalrfonmUion, sometimes includes 
these two great series of strata, although, in general, the coal 
measures lie aboye them, the lowest coal-seam commonly rest¬ 
ing immediately on the mountain limestone. * 

The yariouB deposits which form the coal»meanires, do not 
occur in regular horizontal unbroken planes. When first 
deposited, they were doubtless in this condition, but, at yarious 
times, this horizontal position has been disturbed by some up¬ 
heaving force from below, whereby the coal-measures have, in 
many districts, been made to assume the shape of a huge 
trough or basin, rising on all sides from a central point, .tb.e 
sides of the basin being composed of sandstone or limestone, 
and the middle filled up by strata superior to the coal-measures, 
such as magnesian limestone, and new red sandstone. Now, it 
must follow from this arrangement, that the edge or boundary 
line of each stratum must appear at tjie surfsSle. somewhat like 
the concentric layers of an onion cut in two. This “ coming 
to the day,” or appearance of the coal at the surface of the 
ground, is called the ba^ or ovicrop, and serves to determine 
the outer form or side jof the basin. But the internal up¬ 
heaving force (whatever^ it may have been) which converted 
the horizontal strata into basin-shaped arrangements, seems, 
at the same time, to have produced certain fissures or fractui'es, 
often nearly vertical, and stretching through the whole mass. 
Tliese rents are called dykes, because they divide the seams or 
bands of coal into jlelds, and some of them are so considerable, 
as to find a place in geological maps. 

In order to ascertain where the deposit of coal is most 
advantageous for working, boring is resorted .to, and when the * 
spot is determined, a cylindrical or elliptical shaft, from 10 to 
15 feet in diameter, is sunk. The depth may vary from 25 
fathoifis (150 feet) to 300 fathoms (1,800 feet) before the 
seam intended to be worked is reached. When this is done, 
the sinking of the shaft is discontinued, and a broad straiglit 
passage, called a lord or motyr-gcUe, is drivin from it into the 
seam of coal in opffosite directions. This bord is 12 or^ I4 
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feet bro&d, and of the whole height of the seam, so as to expose 
the rock above, which is now called the roof, and also the 
stratum below, which forms the th^ or floor. It is also 
neccssarj tb drive a passage, called the drip^htad, dip-head, 
or main level for collecting the water of the mine. From this 
level gallery, numerous other galleries are driven towards the 
rise of the strata, till they reach either the outcrop of the 
seam, or the dip-head gallery of an adjoining colliery. The 
direction of the bords is arranged so as to follow the natural 
cleavage of the coal, w'hich forms their rides, and, consequently, 
is not always at right angles with the dip-head. When a bord 
has been excavated some distance, narrow passages, called 
head wa^s, are driven from it, at regular intervals, on both 
sides, and exactly at right angles, if the natural cleavage of 
the coal be cubical, as it generally is; and when those have 
been driven ei^t or ten yards, they are made to comraunicato 
with other bords, which are opened parallel to the first, and 
on each side of it. In this way, the bed of coal,is entirely 
laid open, mid intersected by broad parallel passages, about 
eight yards apart, communicating with each other by narrower 
passages or headways, which croas them at right angles, and 
also traverse the whole extent of the mine, breaking up 
the seam into immense square or rectangular pillars, which are 
left standing between the two. In this state, a coal mine has 
been aptly compared to a regularly built town, the bords 
being the principal streets, the headways the narrower streets 
which cross them, while the pillars of coal form the masses or 
blocks of buildings. 

As these pillars of coal form frequently as much as three- 
fourths, and never less than one-third of the whole seam, many 
methods have been contrived for removing them without 
danger. The best method of working, is that called'‘j»ar4e/- 
tvork, by which the mine is divided into districts or panels, 
eepairated from each other by walls of coal forty or fifty yards 
thick. The coaf is extracted from each in succession, begin- 
usually with the one most distant fbom the shaft. Large 
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pillars of coal are first left betvreen the bords to support the 
roof; the pillars themselves are then removed, the roof being 
supported in the mean time by wooden props, and the place 
where these props replace a pillar is called Ajttd. In time, 
the jiid is remove 1. and then the unsupported roof of the 
mine falls in. The heap of ruins thus occasioned by the 
successive drawing of contiguous juds, is called a goaf. Cor¬ 
responding with this heap of rocky fragments, and produced 
by it, is a cavity in the mine, like an inverted basin, including 
a thin belt of air, which surrounds and partly permeates the 
goaf This has been the source of dangerous accidents, as will 
be noticed hereafter. 

Fig. 83 is the plan of one story of such a mine, in which 


Fig. 83. 



the panels, a a a a, are not entirely laid open by galleries; 
b b are laid open, but no pillars as yet removed ; in c Cf the 
pillars are biing extracted, and the roof is falling in, its ruins 

the panel, d, is entirely worked out and 

VV^hbn the prospects of the mine appear to be favourable, 
^ another shaft is, in some cases, sunk at some distance from the 
first, and when a communication has been established between 


forming a 
abandoned 
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them, one is made the dowMsast, and the other upcast; that is, 
the air is conducted from the downcast siiall through all the 
bords and workings, which it is made to traverse in succession 
by meiLns of stoppings or doors, in various places, to obstruct 
its passage and give a proper direction to the current in pjms- 
ing to the upcast shaft. The force which sets this ventilating 
current in motion, is a large lire kept constantly burning in 
some part of the upcast shaft. The supplies of fresh air, pass¬ 
ing into a mine, must, of course, vary considerably. In the 
Wallsend colliery, they vary from 2,000 to 3,000, and occa¬ 
sionally 3,800 cubic feet per minute. In some of tlie largo 
workings, the air has to traverse many miles of gallery before 
it reaches the upcast shaft, and is frequently twelve houi-s in 
doing so, moving at the ordinary rate of 2 or 2j, fo(‘t per 
second. Many coal mines are worked without this .second 
shaft, its place being supplied by dividing the single .shaft into 
two distinct portions, by means of an air-tight partition, culled 
a brattice, one division being downcast, and the other upcast. 
The larger shafts (those 15 feet in diameter) are .sometimes 
divided into three parts, one of whiqh is used for raising the 
coal to the surfiice, another for working the pumps for the 
drainage of the mine, and a third for ventilation, for bringing 
up the air that has passed through the workings. 

The necessity for perfect ventilation in a coal mine is more 
urgent than in other mines, on account of the escape from 
the coal of large quantities of carburetted hydrogen gas (called 
Jire-damp by the miners), which, mingling with the air of the 
mine in certain proportions, forms a mixture which explodes 
on contact with flame. This gas is very much lighter than 
common air, mingles readily with it, and when poured out 
into the workings, moves along with the ventikiting current 
in the direction of the upcast shaft. The quantity of gas 
thus poured out' is very considerable, but subject to great 
variation, some seams being more fiery, or full of gls, than 
others ; and, in working these fiery seams, it is not uncommon 
for. a jet of inflammable gas to issue from every hole made 
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for the gunpowder used in blasting. But, in addition to this 

constant supply, there is danger of sudden discharges from 

cavities in the coal, laid open by the hewer’s pick-axe. The 

gas issues from these cavities with considerable* noise, and 

forms what is termed a hluwtr. These blowers are sometimes 

« 

so constant in their action, that the gas is collected and con~ 
vcyed by a tube into the upcast shaft, continuing for months 
or years to pour out hundreds or thousands of hogsheads of 
fire-damp per minute. When thus provided for, the blowers 
are not, necessarily, a source of danger; but when one of the 
reservoirs containing the pent-up gas of centuries, and con¬ 
sequently under an enormous pressure, is suddenly broken 
open, the ga.s is set free in torrents, and, mingling with the 
air of the mine, forms an explosive mixture which the first 
spark or naked flame may ignite, and thus cause a fearful 
de.stniction botli of life and property. Nor is the explosion itself 
alway.s the thing to be dreaded most; for the ignition of the 
fire-damp kindles the coal-dust, which always exists in great 
(juantitie.s in the pas.sagc.s, and, in a moment, causes the mine 
to glow like a furnace. ^hi.s conflagration i.s neces.sarily suc¬ 
ceeded by vast volumes of carbonic acid, or choke-damp^ as it 
is emphatically called, from its suffocating character, and this 
di'stroys tho>e whom the explosion had spared. 

It was to guard against accidents of this character, that Sir 
Hunqiliry Davy invented his safety lamp, a beautiful and simple 
contrivance, con.si.sting merely of a common oil hxmp, the flame 
of which i.s completely enclosed witliiu a cylinder of wire 
gauze, a sub.stauce which w'ill not admit of the passage of 
flame ; sotliat although the lamp bo introduced into an explo¬ 
sive mixture, the flame will not pass through the gauze to 
ignite it. Of course, the efficacy of the lamp depends on the 
soundness of the wire gauze, for if this be broken and injured, 
the flame is Rot protected; or if the lamp be moved swiftly 
through siu explosive atmosphere, the flame may be blown 
against, and even through, the meshes of the gauze, and, in 
either ease, might lead to an explosion. When the lamp burp 



232 


STSTRV OF TENTILATIOir 


in ftn atmosphere hig:hl 7 charged with fire*damp, the gas gets 
within the meshes, and boms with a blue flame, which heats 
the wire gauze to redness. Even this state of the lamp w'ill 
not produce an eifdesioii, but of course it was never intended 
that the workman should go on working with the lamp in this 
state. The blue flame within the lamp ought alwajs to be a 
caution to him to retire, until the mine be rendered safe by 
ventilation. From too great reliance, in all cases, on the Davy 
lamp, from neglect, and from various other causes, this lamp 
has disappointed the expectations of those most interested in 
its use, and experienced men now look for safety rather to 
improved methods of ventilation than to contrivances for light¬ 
ing the minea The general plan of ventilation now in comtnon 
use will be uuderstood from the following details, in addition 
to those already given. 

When a seam is hegup to be worked, there is, of course, only 
one available shaft for ventilation, and this is divided into two 
portions, as at a 6 (Fig. 84), for the ascending and descending 
currents: and as it is not safe for the men to be ever more 




Pig. 84 . than a few yards in 

advance of the course 
of the current, they 
begin working the 
seam with two paral¬ 
lel bords, connected at intervals by cross passages, which are 
successively stopped by wooden partitions, c c c, leaving no 
communication except through the one last opened, or that 
which is farthest from the shaft. Temporary partitions are 
also placed at e e, to direct the current to the very spots 
where the men are at work, as at «> w. When the workings 
are more advanced, the direction of the current through eveiy 
part, by stoppings or partitions, becomes a matter of no small 
complexity, as will be seen by the plan (Fig. 85), where the 
arrows represent the course of the air from the downdhst shaft, 
a, through all the galleries to the upcast shaft, 6. It will be 
seen, that in most places the current is ‘divided between the 
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®*' parallel bords; 

this ia called 
dovbU cour8~ 
ing, ahd its 
adrantage is, 
thatif any part 
of the mine 
is more fiery 
or dangerous 
than the rest, 
the current can 

there be confined to one course, and thus have its velocity 
doubled; while in the parts containing least gas, the same 
current can be allowed to expand into three passages, which 
is called trehk coursing. The double ^ppings in Fig. 85, 
represent those in which doors of communication are required. 
These are made in pairs, in order tnav a person may pass 
through them, as a barge through a canal lock, without allow¬ 
ing the main bodies of air to communicate. To ensure this, 
they are sometimes mad# even treble, and a boy is placed in 
charge of each pair or set of three, whose duty if is to prevent 
them from being all opened at once. 

As it is not safe to allow the foul air from the more fiery 
parts of the mine to come in contact with the lire at the 
bottom of the upcast shafts which sets the whole ^ntilating 
current in motion, it is usual to dividdRhe air as it enters the 
mine by the shaft a, into two distinct currents, one of which 
proceeds through the passages, e e, into the safe parts of the , 
mine only, while the other, c c, circulates through the fiery 
parts represented by the lighter shade, including the goafs, or 
old abandoned workings, which are always the most dangerous 
receptacles ef gas. The purer current alone is allowed to pass 
through^the furnace, f, before entering the upcast shaft, b. 
The other current is conducted through «?, and enters the 
Aaft at a higher levpl by a tunnel cut obliquely through the 
roof of the seam, as in Fig. 86, where s represents the upcast 
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Pig. 86 . shaft, B the impure current, 

and A the purer current, 
feeding the furnace, which, 
when thus constructed, is 
termed a dumb furnace. 

The goafs, or abandoned 
workings, are sometimes of 
vast extent, and are known to occupy from thirteen to ninety- 
seven acres of ground. Tliey may be compared to enormous 
inverted bowls or basins, in which the inflammable gas from 
various parts of the mine accumulates, and from its lightness 
occupies, at first, the upper part of the goaf: as it increases in 
quantity, or even as the atmospheric pressure diminishes, it 
may suddenly fiU the goaf and issue from its lowest edge as 
from the edge of an inverted bowl, and, mingling with the air 
of the mine, form an ,explo.sive mixture, thus giving rise to 
many *sad accidents. Such appears to have been tlie origin of 
the explosion in Haswell colliery, Durham, in September, 1844, 
by which ninety-five persons perished. Dr. Faraday, who, in 
conjunction with Sir (/harles Lyell, visited the mine after the 
accident, with a view to devise some remedy against the recur¬ 
rence of similar accidents, recommended that the goaf itself 
be ventilated. He thought it would not be desirable to attempt 
this by driving the contents of the goaf through any parts of 
the mine which are occupied by human beings; but that the 
goaf cavity might be ^liausted of noxious air by means of a 
pipe, rising as high as possible, from four to eight or ton feet 
into it, and co mm unicating at its other extremity with the 
upcast shaft. 

Some interesting remarks respecting this explosion, and on 
the ventilation of coal mines, were made by Dr. Faraday, at 
the Geological Section of the British Association, in 1845. Dr. 
Faraday remarked, that the more he pursued the inquiry into 
the means of preventing such accidents, the more lit was dis¬ 
heartened at the apparent hopelessness of finding out any good 
general remedy. The explosions were dot simply the effects 
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arising from the mixture of gases, buf from the combustion 
of the coal dust and coal gas which the first explosion made. In 
the fatal case at Haswell, the place where the accident origin¬ 
ated had been ascertained, and the progress of thfe fire- could 
be traced on the scorched beams and props of the galleries, 
and by the deposits of coke made from the coal dust which the 
explosion raised. To this circumstance, the great force of the 
explosion was due, and not to the first escape of gas. A 
similar explo.sion had been known to take place in a cotton¬ 
wadding nuinufactory, the whole atmosphere of the place 
being lired by means of the particles of cotton in it. Of all 
the workmen killed in the Haswell accident, perhaps not one 
was really burnt to death, but .suffocated by the choke-damp. 
In one part of the workings, the explosion had produced 
sharp vibnitious, like the firing of gunpowder; and in another, 
tlie burning went on slowly, like a ^common fire. But, al¬ 
though two j)anel.s were blown into one, and solid stoppings 
of ^rick-work thrown down, there was no indication of acci¬ 
dent in the shaft. If the stoppings had not been blown down, 
and the supply of air hu^ continued, the mine would have 
taken fire, and the men been burnt instead of choked. Since 


the late investigation, many hundred plans had been sub¬ 
mitted, urging ill-considered and contradictory measures. 
Every part of the Haswell Colliery had been examined, ac¬ 
companied by the mine-viewer, and recommendations had 
been received from the best informed^men on the spot; and 
they were convinced, that the conditions under which such 
accidents happen were so variable, that no general practical 
rule could be obtained. Far more information, however, was 
required. The plan of splitting the air courses was good, as 
far as the power of the upcast shaft admitted; but if carried 
too far* it would produce stagnant points, which could not 
be prevented by any arrangement consistently with the ever- 
moving Condition of the works. The abolition of the use of 


gunpowder and lighted candles, would, in some cases, double 
the price of coals. But the great source of danger, the 
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Cental condition of tlfe miners. With regard to the present 
race, this was so hopeless^ that nothing could be done for them. 
Although smoking was strictly forbidden, they had been 
known-to contrive to light their pipes in dangerous workings 
even from the Davy lamp; and Dr. Faraday had himself, on 
one occasion, sat down with an open candle, to watch the pre¬ 
parations for blasting, and when he inquired for the gunpowder, 
was told he was sitting on it. Dr. Faraday expressed his 
opinion of the safety of the Davy lamp when properly used, 
and of its being a complete and practical contrivance, to which 
he would willingly trust his own life, as he had already done 
on many occasions. 


Chapter iil 

OH THE METHODS OP VENTILATING BUILDINGS BY MEANS OF HOT 
WATEB, LOW AND HIGH PRESSURE STEAM, AND BY CON¬ 
DENSED AIR. 

Tt is proposed, in the present chapter, to give a brief account 
of the methods which hare been contrived for ventilating 
buildings by means of steam and hot water, at low as well os at 
high pressures. 

The Houses of Parliament have frequently been made the 
subject of experiments in the art of warming and ventilation. 
That the experiments have not always succeeded has been 
already seen, and the reason, probably, has been in their 
novelty. The members of either House, whose province it 
has been to order the erection of the various descriptions of 
{q)paratus, cannot fairly be charged with the failure, since it is 
reasonable to suppose, that if a tried and approved method 
had existed, it would have been ordered; and the reports 
published on the subject, do not -disclose any method which 
may pronounced perfect. 
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The centrifiigal wheel of Dr. Desaguh'ers continued to be 
used for ventilating the House of Commons, until the year 
1820, when the Marquis of Chabannes was allowed to under¬ 
take the warming and ventilation of the House. He proposed 
to erect a small furnace over the ceiling, the combustion of 
which was to be supported entirely by the vitiated air of the 
House; but this plan being objected to, he caused a large 
case or trunk to be constructed over the body of the House, 
below the roof, into which ventilating tubes were conducted 
from different parts of the House; four of these tubes opened 
from under the galleries, to prevent the stagnation of the 
impure air in those parts, and six openings in the ceiling led 
into the main trunk, and were each continued in separate 
trunks to the top, so that the draught from every part was 
equal. Sixteen steam cylinders were placed within the main 
trunk, and the heat thereby produced* was intended to rarefy 
the air in the ventilating tubes so powerfully, as to cause its 
quick ascent and escape through a large cowl of four feet 
diameter outside the building. 

The House was warmed<Hby means of twelve, steam cylinders 
ranged under the seats of the House, and the exlemal air was 
brought to these cylinders by a large air trunk, from which 
there was a separate branch to each cylinder. 

In these arrangements, there was no deficiency either of 
heating or of ventilating power. On the contrary, the heat¬ 
ing surface seems to have been in excess, and was not under 
perfect command. At any rate, the atmosphere of the Hpuse 
was declared to be uncomfortable, and, after a few years, 
another system was tried. 

The use of hot water, as a means of ventilation, was intro¬ 
duced l^y Mr. Deacon, in 1813. The air was dpwn from an 
underground tunnel or cellar, by means of a fan, which forced 
it into tile rooms through small iron or earthenware tubes 
placed in boiling water. The vitiated air was conducted into 
a i;ube or channel at |ihe ceiling, and conveyed above the roof, 
where it was practicable to do so. Iron plates were also 
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sometimes used instead of pijies. They were placed parallel 
to each otheT, with a space of about 1 ^ inch between them. 
These plates were surrounded by boiling* water, and the air 
rose in the space between them. When cold air 'wa.s desirable, 
the pipes or plates were immersed in cold or artificially cooled 
water, and the air thus cooled was thrown into the room by 
the fanner. If the room was of large size, the fan had to be 
turned by a man; this is, of course, objectionable, because 
human machines arc not always to be depended on. and they 
are, for such purposes as turning a wheel, expensive. Smaller 
fans were kept in motion by the elasticity of a spring, or the 
fall of a weight. Mr. Deacon s apparatus was fixed in some 
public buildings, but does not seem to have made any per¬ 
manent impression on the public mind. 

Among the plans submitted to the (’ommittce of the House 
of Commons, in 1835, for warming the House.s of Parliament, 
that of Mr. Sylvester appears to have great merit. It was not a 
mere theoretical plan, for it had been tried,although on a smaller 
scale than that now proposed, in the lunatic asylum for Kent. 
The general principle of this plan is to introduce the fresli 
air slowly, and in any required quantity, by means of an 
underground channel, a h (Fig. 87). about 9 feet S(j[uarc, and 
100 yards in length, which forms a communication >vith the 
atmosphere and the basement floor of the building ; the outer 
extremity of the cliannel being furnished with a cowl, arranged 
80 as always to have its mouth to the wind. The fresh air 
flowing along this long tunnel, would receive in winter an 
acclssion of about 15” of heat, and in summer it would be 
cooled to a similar extent. It would then pass into a cockle 
similar to that of the Belper stove (page 118), where it would 
be heated to within 5" of the temperature required in the 
House. From this cockle, it would spread into the space, 
d d, under the floor, and then rise through a large number of 
small holes drilled in it, into the body of the House. The 
vitiated air would then be carried off through a number, ,of 
openings, i, in the ceiling, arranged bo as to be opened or 
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Fig. 87. 



closed at plea.sure, by means of a contrivance communicating 
through JT to the basement. The vitiated air, after passing 
through these oj)ening3, would flow into the cavity, n, below 
tlie roof, and thence be discharged into the open air by the 
tunica}), 0 , formed so as to liave its mouth always turned from 
the wind. To ensure th <4 required velocity and direction of 
tlic ventilating current, a series of pipes, v, filled*mth steam or 
liot water, were to be placed in the cavity of the roof. When 
it was required to raise the temperature of the House higher 
than u.sual, the amount of ventilation was to be diminished 
by closing the apertures in the ceiling, and allowing the 
vitiated air to escape through channels, xx,' in the walls. 
The velocity at which it was })roposed to set the air in motion 
through the channel, for supplying the fresh and discharging 
the vitiated air, was 4 feet per second; but it was to flow 
into the House at the rate of only half a foot per second, 
thereby producing a current which would scarcely move the 
flame of a candle. The area of the apertures distributed 
throughout*the floor would be about G65 feet; and including 
the Hoiftc, tlie staircases, and corridors, &c., it was calculated 
that there would be 200,000 cubic feet of air clianged six 
times per hour. When asked whether he proposed to make 
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any arrangementa for securing the purity or cleanliness of tlie 
fresh air ta be introduced, Mr. Syhester replied, that it 
would be extremely desirable to have a communication with 
some lai^e Inclosure for the fre^ air, such as a large building 
like Westminster Hall, between the House of Commons and 
the outer air, that the air might be admitted into this large 
inclosure, and allowed to settle and deposit its blacks or 
smuts, just as water, before being used, is allowed to deposit 
its mud and sand in a large cistern. 

Most of the plans for wanning and ventilating buildings, 
which have been described in these pages, are on a very large 
and comprehensive scale, adapted to public buildings, and re¬ 
quiring not only a considerable expenditure of money, but 
also of space for their erection and ctfective action. By dis¬ 
tributing the heated air over the whole of the under surface 
of a perforated floor, it is thereby distributed throughout the 

* k 

space required to be warmed ,* and by providing some powerful 
ventilating force in connection wdth the top of the building, 
also perforated, the warm or cool current can be made to pass 
through the building with any required velocity. But it is 
obvious, that such extensive arrangements are not adapted to 
a small building or a private house. In such cases, different 
arrangements must be made, and these are not always suc¬ 
cessful. If, for example, the air be heated by stoves, and 
instead of being sent into the room through a perforated 
floor, it is admitted in small currents at an elevated tem¬ 
perature, it ascends rapidly to the ceiling, and expends the 
greater portion of its heat on that surface, while the lower 
part of the room remains cold, because airs of very different 
temperatures do not readily mingle together. On this ac¬ 
count, Mr. Perkins recommends, that the tubes used in ven¬ 
tilation be placed at or near the floor, by which means the 
warm air is forced to descend and mingle more intimately 
with the colder air in the room; and the warm air having 
thus parted with its heat, is itself drawn off. When hot 
Witter or steam pipes are used, the air can only be moderately 
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warmed ; and as the ascensional force in such case not great, 

the ventilating openings can be placed at any desired point. 

This plan of placing the ventilating openings near the floor 
is also recommended, on the score of economy. For, as the 
ventilating power can only be obtained at the expense of the 
heating power, much of the heat used to warm the room must 
be lost, if the ventilating openings be placed in the ceiling. 
So, also, if the temperature be moderate, the products of com¬ 
bustion and respiration may be cooled, and thus deprived of 
their ascentional force before they have time to escape by the 
ventilator. 

In the warming of a building, by Mr. Perkins's system of 
one inch tubes, a forcing power is produced in procuring ven¬ 
tilation, and the openings for the purpose can be placed at 
any convenient point, either singly near the floor, or in con¬ 
junction with a second opening at the ceiling. “ In the ven¬ 
tilation and warming of a private dwelling, I would begin, 
first," sjiys Mr. Ricliardson, “ with the staircase. This we 
ought to consider the principal artery of the house; and 
if thL“^ were well warmecl bv a current of warm fresh air 
flowing into it, and a constant change eflected by a ventilating 
outlet, warmed, so as to ensure its effective operation, great 
part of the business would be effected, as the staircase would 
supply all rooms not in use with warm air in a sufficient de¬ 
gree, and would gradually ventilate the whole budding, ren¬ 
dering it unnecessary to have further ventilation, except in the 
principal living and sleeping rooms of the family.” But every 
room in the house might be ventilated, by placing two or more 
spare columns of tubing in flues concealed within the thickness 
of the wall. It will be seen, by reference to Fig. 57, p. 15(1, 
that wiiere the flue passes in its course through two or more 
stories of small rooms, a small opening, about six inches square, 
made frqpi each room into the flue, would, if provided with a 
proper outlet at the top, effectually ventilate every room. 
The flue should, of epurse, be vertical, and enclose the expan¬ 
sion tube at the top, where it should terminate in a tin funnel 

M 
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provided with a turn-cap, to prevent downward currents of 
air. As soon as tlio lire was lighted in the furnace below, all 
these openings into the flues would become so many artificial 
fire places, drawing from the room a constant current of cooler 
air the flue, which, being warmed to a very high tem- 
penuure by the great quantity of pipe witliin it, the current of 
Warm air would rapidly ascend into the open air above ; tlm» 
alii-nling all the advantages of eonstivnt spontaneous ventila¬ 
tion. In summer, when the wanning effects of this system 
ai*e seldom w'anted, the circulation may be turned <dl from all 
the rotuns by the stcp-cock.^, and the cilccts ul the Iiot i)ipes 
})e confined within the flues. The ventilation would then be 
(Uirried on as asual, and no additional warmth be c.vqterieiiced 
from the iiction of the pipes. The advantages of tliis ar¬ 
rangement flu* our cluuigcable climate are obvious, for on a 
colt] dav in summer, the sto])-c()cks being opened, the circula¬ 
tion would proceed thruugli the coil? in the rooms, and thus 
raise the tempci'ature :is desired. 

Tims it will be seen, that by having a flue of the wlu.le 
height of the building for the reception of the hot water 
tul)C.s, the vitiated air can he drawn out of the room at anj 
point. By means of the lower o])ening, the ienij)crature of 
the room is equalized, and the effects of currents of unequalh 
mixed air removed or mitigated; while the upper 0 }>ening 
oarries off the effluvia of the room. The openings should all 
be furnished with slides, so that they may be contracted or 
enlarged at pleasure. 

In large public rooms, the size of the ventilating openings 
ought to be accnfrately determined by the architect. They 
ought to be large enough to allow every person in a crowded 
room to have a proper supply of air for healthy respimtion. 
In u less crowded state of the room, the openings may be 
diminished by meams of slidc-s. By increasing the tcm|)orature 
in the flues, their ventilating power is, of course, increased, and 
tliis may be done by arranging a coil within the flue at each, 
opening. 
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In connection with this system of wanning and ventilating, 
is a plan, which, at first view, appears to be strange and unna¬ 
tural j namely, that by which the fresh warmed air is admitted 
into the room by openings near the ceiling, and the vitiated 
air drawn out through openings near the floor. The advan¬ 
tages of tliis plan, as contrasted with upward ventilation, are 
stated to be these ;—with upward ventilation, a great'part of 
tlie vitiated atmosphero of crowded rooms is liable, by the 
slightest chock or condensation, to be thrown down and 
mixed with the air, which is already partly unfitted for the 
purposes of respiration. Hut let the ventilating current de¬ 
scend, we have a bright atmosphere of pure air, which, as it 
becomes ct)ntaminated by respiration, is drawn downwards and 
<lisehargcd. On the otlicr liand, this method of ventilation 
by descent has been denounced as a “ noxious fallacy,” because 
the vitiated air from the lungs having.a temperature of 98", 
naturally rises through the air of the room, which is of the 
temperature of GO" (»r under; and, if forced downwards by 
any means, must be breathed over again by the occupants of 
1 lie room, before it can bo discharged at the level of their legs 
and feet, in oppoisition to the laws of gravity. THere is much 
truth in this objection, and we do not see how it is to be 
answered, unless the velocity of the outgoing current be so 
considerable as to amount to a strong wind j and it is, or 
ought to be, the object of all ventilation, to prevent the mo¬ 
tion either of tlie incoming or outgoing current from being 
felt. This plan of ventilation by descent has been put into 
operation at the Model Prison, at Pentonville, where the soli¬ 
tary system of discipline is enforced, thus giving rise to the neces¬ 
sity of having a separate cell for each prisoner. In each cell the 
windows are fixtures, and the doors are eflectually closed, so 
that the* onl^ mode of introducing the requisite supply of 
fresh, and of abstracting the vitiated air, must be by artificial 
means. The objection to applying ordinary modes of ventila¬ 
tion, by opening windows or by similar means, is the facility 
.such openings give to Ihe transmission of sound. 

m2 
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The method by which this deecending yentilatiog current ie 
produced, is compared by Major Jebb'*^ to the ventilation of a 
coal-pit, in which, as already explained, the fresh air entering 
the down-cast shaft, passes through the numerous galleries 
and workings of the mine, and escapes by the up-cast shaft, the 
ventilating force consisting of a large fire in the up-cast shaft. 
In applying such a system to the ventilation of a prison, the 
objects proposed to be attained were, 1st, The regular supply 
of a sufficient quantity of fresh air, and, when necessary, of 
warmed air into each cell, without subjecting the occupant to 
any inconvenience from the draught. 2nd, The withdrawal 
of a like quantity of vitiated air. 3rd, That no additional 
facilities of communication between prisoners in adjoining 
cells should be afforded by the means made use of, and, there¬ 
fore, that the transmission of sound be carefully guarded 
against. The reader who Avishes to inspect all the details of 
the arrangements by which these objects are carried out, is 
referred to Mj\jor Jebb’s paper, and the copious series of en¬ 
gravings by which it is illustrated j but a general idea of this 
method may be conveyed by the foUowing remarks, to any one 
who has studied the various methods of warming and ven¬ 
tilating as described in this little volume. 

In the basement story is a case or boiler, with a proportion 
of pq>e8 adapted to the circulation of hot water, and in con¬ 
nection therewith, is a large cold air Hue oi>en to the outer air, 
for supplying air to be warmed in passing over the boiler and 
pipes. Thb air then passes right and left along a horizontal 
flue, under the floor of the corridor of the prison ; and from 
this flue, a communication is established by small lateral flues 
with each cell, both on the lower and two upper floors, each 
small flue terminating in a grating under the arched ceiling of 
each cell “ The object of making the point of entry at the 

* On Modem PrUone: their Construdion and Ventilation. ’ liy 
J. Jebb, Major lioyal Engiuesrs, Surveyor-General of rricons. With 
ten plates, 4to,. Published separately from “ l'aj)er8 on subjects cox - 
nocted with the duties of the Corps of Itoy^l Engineers.” Vol. VIJ. 
London, 1844. 
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top of the cell instead of at the bottom, and diffusing it 
through a grating on an extended surface, is, that no unplea¬ 
sant draught maj be experienced by the occupier of the cell, 
which, in a confined situation, would be the cose, were it 
brought in at the level of the floor; and that he may not have 
any inducement to frustrate the intention of ventilation, by 
stopping it up.” A corresponding quantity of foul air is ex¬ 
tracted by means of a grating placed close to the floor of each 
cell, diagonally opposite the opening by which the fresh air 
i.s introduced. This grating covers a flue which passes up the 
outer wall, and communicates with a main foul-air flue placed 
in the roof, and terminating in a ventilating shaft rising above 
the top of the building. By this arrangement, the total 
lengths of each pair of flues respectively used for introducing 
fresh air into the cells, and extracting foul air from them, are 
rendered nearly equal on all the stories. This promotes 
uniformity of action ; and the advantage due to the ascending 
.system, and to difference both of temperature and altitude, is 
also secured. “ Another provision of some importance should 
be adverted to. Fresh air should be taken into the main 
flues, communicating with all the cells in the rc^^ctive wings 
or divisions, from the side which happens to be exposed to the 
wind. The force or pressure produced by a very moderate 
breeae, combined with the other arrangements and circum¬ 
stances which are favourable for ventilation, will generally 
cause a sufficient current to pass through the cells without 
:iny fire being lighted in the extracting shaft for ensuring it. 
The operation of the system will, by these means, at all times 
be improved, and a considerable saving of fuel will be 
effected.” The same flues are used for ventilating the cells 
both in winter and in summer; the only difference between the 
arrangements of the two seasons being, that during the sum¬ 
mer, when air is introduced into the cells at its natural 
temperature, a fire is lighted when necessary in the ventilating 
shaft j during winter, when the temperature of the air must 
be raised, a fire is lighted in the heating apparatus below, the 
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smoke and disposable heat from wliicli being discharged into 
the shaft, answer the same purpose. 

It has been shewn, by experiment, in the Pentonville Prison, 
1st, That from 30 to 45 cubic feet of pure fresh air is made to 
pass into every cell in a minute, and that this abundant ven¬ 
tilation goes on with great regularity. 2nd, That this current 
of ventilation, and a temperature of from 52“ to GO”, can be 
uniformly maintained in the cells during the coldest weather, 
at an expense of less than one farthing per cell for twenty-four 
hours, and the summer ventilation, by means of a fire lighted 
in the extracting shaft, has been kept up at less than half the 
expense. 

We come now to notice an api)lication of steam to the pur¬ 
poses of ventilation, which is, in all respects, peculiar. It was 
remarked, nearly fifty years ago, by Dr. Thomas Young, that 
whenever any clastic fluid i.s forced from a jet with a very 
small velocity, the stream proceeded for many inches without 
any observable dilatation, and then diverged at a con.sidembh‘ 
angle into a cone, and, at the point of divergency, there was an 
audible and even a visible vibratioi. When tlie prcs.suro is 
increased, the'apex of the cone approaches nearer to the orifice 
of the tube, but no degre^of pressure seems materially to alter 
its ultimate divergency. The distance of the apex from the 
orifice is not proportional to the diameter of the current; it 
appears rather to be the greater the smaller the current, and 
is much better defined in a small current than in a large one. 
Popular illustrations of this curious fact may be seen every 
day. A puff of smoke from a factory chimney, on being first 
shot out, may often be seen to a.ssumc the form of a ring, the 
diameter of which does not greatly exceed that of the chim¬ 
ney, but as it ascends in a still atmosphere, it gradually in¬ 
creases in size. In the firing of ordnance on a calm day, 
these rings may be seen on a grand scale, and still more per¬ 
fectly if the mouth of the cannon be greased, and' no shot 
used. The same phenomena may also be observed, on a smajl 
scale, in the smoke of tobacco projected from the mouth of a 



A JET OP STEAM. 


t 


247 


skilful smoker. The rotating clouds of smoke from the cliiiu- 
ney of a steam-boat, have also a tendency to form these conical 
rings, but from its abundance and the motion of the vessel, th * 
form is not very defined. But the rings of smoke produced 
by the combustion of bubbles of phosphuretted hydrogen, shew 
the structure and motion of these rings very admirably. These 
hollow rings arc seen to revolve on the axis of the cylinder 
from which they are projected, and gradually expand on rising 
into the air : each of these enlarging rings may be viewed as a 
magnified element of the cone issuing from the jet in Dr. 
Young’s experiment. 

It was further observed by Dr. Young, that the stream of 
air, projected from an orifice, drew into its current light bodies 
near it, which were free to move. This lateral communicatwn 
of motion in a fluid stream, was noticed in water by Venturi. 
This attractive force seems to arise “from the relative situation 
of the particles of the fluid in the line of the current with 
respect to that of the particles in the contiguous strata, vvliich, 
whatever may be the supposed order of the single ides 
with respect to each other, must naturally load to a commu¬ 
nication of motion nearly in a parallel direction,^and this may 
properly be termed friction. The lateral pressure which urges 
the flame of a candle towards the ^cam of air from a blow¬ 
pipe, is probably exactly similar to that pressure whicli causes 
the inflection of a curreut of air near an obstacle. Mark the 
dimple which a slender stream of air makes on the surfiice of 
water ; bring a convex body into contact with the side of the 
.stream, and the place of the dimple will immediately shew that 
the current is inflected towards the body ; and if the body be 
at liberty to move in every direction, it will bo urged towards 
the current in the same manner as in Venturi’s experiment, a 
fluid forced up a tube inserted into the .side of a pipe 
through wlilhli water was flowing. A similar interposition of 
an obstacle in the course of the wind, is probably often the 
cause of smoky chimneys.” 

* If, instead of the jet of air used in these experiments, we 
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employ a jet of steam, produced under a pressure of 321bs., to 
the square inch, the attractive power is very considerable. 
The steam, as it escapes from the boiler, forms a cone, as in 
Dr. Young’s experiments ; and the quantity of air set in mo¬ 
tion is equal to 217 times the bulk of the cone of steam. The 
force with which the particles of air surrounding this cone are 
drawn towards it, were illustrated by Dr. Faraday in a lecture at 
the Royal Institution, in various striking experiments. Hollow 
balls of one and two inches diameter were drawn into the cone, 
and sustained floating in the line of its axis even when, by an 
arrangement of the apparatus, the axis was thrown 35" out of 
the perpendicular. An upright glass tube, 18 inches long 
and 1 inch diameter, having one extremity plunged in water, 
and the other drawn into a capillary jet, was immediately 
exhausted of its contained air, the water being drawn up from 
the end of the tube, when the capillary jet was placed within 
the indraught of air occasioned by the cone of steam. By sur¬ 
rounding this cone of steam with a cylindrical jacket, the effects 
were still more remarkable in increasing the draught power of 
the jet. The air within the jacket is expelled, and a partial 
vacuum produced, whereby the air rushes in to supply the 
vacant space, sweeping before it, in its current, any light 
bodies, such as paper sha^jj^, hollow balls, 4:c., and projecting 
them with considerable force from tho top of the jacket.* 

• It was shewn, many years ago, by Clement Desormea, that when 
steam, under high pressure, is allowed to escape from an orifice pierced 
in a plate, or the flat side of a boiler, and a flat disc is brought close to 
this plate, the disc is powerfully attracted to the plate. In this case, 
the elastic force of the steam issuing from the jet, and whieli tends to 
separate the plate and disc, diminishes rapidly in its course from the 
centre to the edges of the disc ; at the same time, the radial currents, 
by their indraught, bring the two plates together with a power which is 
so much greater than the former, that the two surfaces adhere. 

This experiment may be shewn in a popular manner by‘ the following 
contrivanceCut a couple of cards each into a disc of about two 
inches in diameter, and perforate one of them at the centre, and fix it 
on the top of a tube, such as the barrel of a common quill; then give the 
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In the arrangements made by Mr. Barry for ventilating the 
House of Lords, this jacket forms the ventilating shaft, and its 
value will be seen from the following sketch of the general 
arrang menis for warming and ventilating the Holise, as 
gathered from a lecture by Dr. Faraday at the Eoyal Institu¬ 
tion, on the 26th March, 1847, and reported in the Athm<mm, 

Mr. Barry’s plan has been applied to the royal ante-chamber, 
tlie House of Peers, and the public lobby. It consists, first, 
in causing a current of air of regulated temperature to pass 
beneath the impervious floor of these apartments, and after¬ 
wards to rise to a chamber at the top of the building, from 
whence it is diffused in great abundance, but imperceptibly, 
throughout the three apartments; and secondly, in drawing 
olf the vitiated air, and discharging it with great rapidity into 
the atmosphere. To accomplish these objects, methods have 
been contrived for—Lst, Warming the building through an im¬ 
pervious floor, as in the case of a Roman bath. 2nd, Effecting a 
system of currents. 3rd, Providing means for causing 10,000 
cubic feet of air per minute to proceed on a prescribed course 
and regulated velocity, dst, As to the mode of warming : a 
steam cockle, supplied from one of Lord Dundonald’s boilers, 
is traversed by a quantity of air ^bes firmly fastened into it. 
The air which passes through tnese tubes, is the source of 
warmth. This apparatus, with its furnace, is placed beneath 
the public lobby, and the current of warm air passes beneath 
its impervious floor, then beneath that of the House of Peers, 
and, lastly, beneath the floor of the royal ante-chamber beyond. 

other card a slight bend, and place it over the first, with the convexity 
upwards, so that the orifice of the tube may be directly under and 
almost in contact with the upper card; hold the two cards horizontally, 
and blow through the tube, it w'ill be found impossible to blow oflf the 
upper Card. 

The attraetive force of the blast of air may also be shewn by placing 
the upper card upon the table with its concave surface upwards: then 
bring the other card immediately over it, and blow through the tube; 
the card will start up from the table and adhere to the other, so long as 
the blast is sustained. ' 

H 5 
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With warmth, the air acquires a certain degree of motive 
power in the rising parts of the passages, which carries it 
onward till it reaches the reservoir chambers at the summit of 
the building; from thence it is made to pass down into the 
apartments by their walls, and so distributed, without draught, 
to be breathed by the inmates of these rooms. This gradual 
diffusion of the air is accomplished by, 2nd, A system of cur¬ 
rents, which are caused by subjecting the air to inequalities of 
temperature. Descending by the walls of the building, it is 
cooled by the windows, <fec., and thus its velocity downwards 
is increased. Arriving at the level, at which it is at once 
heated and deteriorated by respiration, combustion, A'c., the 
air again rises in the centre of the room, and {mses through 
the ceiling into a foul air chamber, which is in connection witli 
a chimney. Through this chimney, the air is driven by a 
steam jet, which, as already stated, will set in motion 217 
times its own bulk of air. It was shewn by Dr. Faraday, in 
this lecture, how the steam cockle employed to give warmtli 
in winter, might, by filling it with water from the Artesian 
well, become a source of coolness in summer. The advantages 
of Mr. BarryV method of ventilation are thu.'« summed up. 
Ist, The prevention of local^draughts. 2nd, The prevefttion of 
the 8tain.s and disfigurements resulting from .such draughts. 
3rd, The avoidance of all movement and dispersion of the dirt 
and dust of the house by currents occasioned in it, which cur¬ 
rents, if existing, would tend to render the air impure. 4th, The 
avoidance of all sudden changes of temperature. Finally, it 
was noticed that all parts of the house were fire-proof, and 
that this scheme of ventilation was under a disadvantage, as it 
had to be adapted to buildings which were not planned with 
reference to it. 

Objections have been made to the vacuum principle ven¬ 
tilation, on the ground that the air within the room or build¬ 
ing thus ventilated is rarer than that without, and that air, 
even slightly rarefied, occasions languor and uneasiness to. 
persons who are not in robust health, whereas the opposite 



VENTILATION BY CONDENSED AIE. 


251 


condition, or condensed air, has a bracing effect both on the 
body and on the mind. Schemes have been proposed, at dif¬ 
ferent times, for making air-tight rooms, in which air was to 
be pumped in or out, according to any degree of pressure 
adapted to the wants and feelings of the occupant. Thus 
Dr. Henshaw, in 1G64, acting upon one of Mr. Boyle’s specu¬ 
lations, proposed such a room “by which any person may 
receive the benefit of a removal to another climate, at any 
season of the year, without removal from his own house, or 
neglecting any employment whatever.” This air-tight room 
was to be occupied two or three houre in the morning in 
chronical caae.s ; but in acute disease.s, the patient might remain 
in it during the whole course of the disease, as in intermittent 
fevers, in wliicli case the air was to be rarefied in the cold fit. 
and condensed in the hot fit. AV^e are not aware whether 
these fanciful speculations were ever put in practice, but the 
idea was revived some years ago by Mr. Vallance, who pro¬ 
posed to construct air-tight room.s, with an aperture in the 
ceiling for pumping in the air, and a peculiarly constnicted 
door for admitting the otcupants in and out. The doorway 
wjis G feet high, and G feet wide, and was fitted Arith a cylinder 
of wood, closed at both ends, and placed upright. In the side 
wa.s an opening 4 feet wide, and on the opposite side, a .similar 
opening. In the centre of this cylinder was a perpendicular 
revolving shaft, with four leaves, crossing at right angles, fit¬ 
ting the cylinder as closely as its revolving motion permitted, 
and yet preventing the escape of the air at the edges. When a 
person entered the room, he placed himself between two leaves, 
like a turnstile, and, in this way, interfered as little as possible 
with the enclosed air. A pipe was fixed to the aperture in 
the ceijing, and carried through the roof, where it was inserted 
a few iuch^ into a cistern of water. Air was injected into 
the roqpi by means of machinery. When the weather was 
warm, tlie injected air was cooled by being passed through 
pipes surrounded by cold water, and if heated air were re¬ 
quired, the pipes were surrounded by hot water. As the 
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fresh air was pumped in, as much vitiated air was forced out at 
the pipe in the ceiling, and it escaped through the water in the 
cistern, which thus ingeniously regulated the pressure of 
the air in the apartment. When a room is thus filled 
with condensed air, its expansive force is exerted so that 
every crevice about it becomes a channel to let air out, instead 
of into it, and thus draughts are effectually prevented.* 

The advantages of condensed air as a medium of ventilation 
have also been insisted on by competent authorities of our own 
days. It appears, from some experiments made on this sub¬ 
ject by Dr. Junot, that ‘‘when a person is placed in condensed 
air, he breathes with increased facility ; he feels as if the 
capacity of his lungs were enlarged ; his respirations become 
deeper, and less frequent; he experiences, in the course of a 
short time, an agreeable glow in his chest, as if the pulmonary 
cells were becoming dilated with an elastic spirit, while the 
whole frame receives at each inspiration a fresh vital impulse. 
The functions of the brain get excited, the imagination becomes 
vivid, and the ideas flow with a delightful facility ; digestion 
becomes more active, as after gentle gxercise in the air, because 
the secreting organs participate immediately in the increased 
energy of the arterial system, and there is, therefore, no 
thirst.” 

Dr. Ure, in advocating the plenum method of ventilation,t 
gives a curious example of the effects of condensed air upon 
some workmen engaged in sinking a shaft to a great depth 
through the bed of the river Loire, near Longuin. In this 
district, the seams of coal lie under a stratum of quicksand, 
from twenty to twenty-two yards thick, and they had been 
found inaccessible by all the modes of mining previously 
attempted. M. Triger, an able engineer, constructed a shaft, 
encased with strong tubing, formed of a series of largift sheet 
iron cylinders, rivetted together. At the top of this cylinder 

ft 

* Vallance, Obmrvalima on TenttZo^ton, as quoted by Mr. Beman. 

■f Supplement to the Dictionary of Arte, Mailvfadure*, and Minet. 



ON THE ANIMAL STSTEM. 


253 


was an air-tight ante-chamber, into which air was condensed 
by forcing-pumps with sufficient force to repel the water from 
the bottom of the cylinder, and thus enable the workmen to 
excavate the gravel and stones to a great deptfi. Hie com¬ 
partment at the top had a man-hole in its cover, and another 
in its door. After the men had entered, they shut the door 
over their heads, and then turned the stop-cock of a pipe in 
connection with the condensed air in the under-shafi An 
equilibrium of pressure was soon established in the ante¬ 
chamber by the influx of the dense air from below, whereby 
the man-hole in the floor could be readily opened to allow the 
men to descend. Here they worked in air maintained at a 
pressure of three atmospheres (or iolbs. on the square inch) 
by the incessant action of leathern valved pumps, driven % a 
steam-engine. While the dense air thus expelled the waters 
of the quicksand out of the shaft, it infused such energy into 
the miners, that they could easily excavate double the work 
which they could do in tlie open air. Upon many of them 
the effects were painful, especially upon the cars and eyes, but 
before long they became 4 |uite reconciled to the bracing atmos- 
pliere. Old asthmatic men became effective workmen ; deaf 
persons recovered their hearing; while others were sensible to 
the slighte.st whisper.* Much annoyance was at first expe¬ 
rienced from the rapid combustion of the candles, but this was 
obviated by the substitution of flax for cotton in the wicks. 

♦ Many years ajLjo, Mr. Roebuck and another person allowed them¬ 
selves to be shut up in a cavity excavated in a rock, which served as a 
reservoir of air for equalising tlie blast of the bellows in an iron foundry 
on the banks of the river Devon, near Alloa, in Scotland. As much as 
9,300 cubic feet of air were ii\jccied per minute, under a pressure of five 
inchc.H of mercury. It was found that sound was greatly magnified, '‘as 
we pcifeived when wc talked to each other, or struck anything; par¬ 
ticularly thoinoise of the air escaping at the blow-pipe, or waste valve, 
was very loud, and seemed to return back to us.” There was, however, 
no wind to disturb the flame of a candie, neither was it blown out when 
it was placed in the eduction pipe of sixteen incite through 

which the air passed into the furnace. 
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In ventilating a building on the plenum method, Dr. Urc 
recommends that the air be thrown in by means of a fan 
situated in the basement story,* and instances the method 
adopted at the Reform Club House, where there is a large fan 
revolving rapidly in a cylindrical case, capable of throwing 
11,000 cubic feet of air per minute into a spacious subterranean 
tunnel under the basement story. This fan is driven by a 
steam-engine of five-horse power. The steam of condensation 
of the engine .supplies three cast-iron chests with the requisite 
heat for warming the whole of the building. Each of these 
chests is a cube of three feet externally, and is distributed in¬ 
ternally into seven parallel cast-iron cases, each about three 
inches wide, which are separated by parallel alternate spaces 
of the same width, for the passage of the air transversely as it 
is impelled by the fan. “ This arrangement,” mys Dr. lire, 
“is most judicious, economising fuel to the utmost degree, 
because the steam of condensation which, in a Watts's engine, 
would be absorbed and carried otf l)y the air-pumi>, is here 
turned to good account, in w'arming the air of ventilation 
during the winter months. Two hurdred weight of fuel suf¬ 
fice for working this steam-engine during twelve liours. It 
pumps water for household purposes, raises the coals to tlu' 
several apartments on the upper floors, and drives the fan 
ventilator. The air, in flowing rapidly through the scries of 
cells, placed alternately between the steam-cases, cannot be 
scorched as it is generally with air-stoves; but it is heated 
only to the genial temperature of from 75® to 85" Fahr., and 
it thence entere a common cliamber of brick-work in the 
basement story, from which it is let off into a series of distinct 
flues, governed by dialed valves or registers, whereby it is 

• As powerful blasts of air are not required for the purposes oh venti¬ 
lation, a rapid movement of the fen is not necessarj'. Fans making 
2,000 revolutions per minute are exceedingly disagreeable from the 
noise and vibration occasioned by them. Quantity of air, not velocity, 
is the object, and for this purpose, fens of ten^ or twelve feet diameter, 
moving slowly, are to be preferred. 
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conducted in regulated quantities to the several apartments of 
the building. I am of opinion that it would not be easy to 
devise a better plan for the purpose of wanning and ventilating 
a large house.” In the top story of the building is a large 
furnace, the draught of which is intended to draw off the air 
after it has served the purposes of warming and ventilation in 
the rooms below. Messrs. Easton and Amos are the contrivers 
of thi.s system. 


CONCLUSION. 

W R have now nearly reached the limit of the space allotted 
to u.s in thi.s Rudimentary Treatise, and are anxious in the 
few' remaining pages again to enforce the necessity of adopt¬ 
ing an efficient system of ventilation in our rooms and 
public buildings. The arrangements for warming are, for 
the most part, beyond the control of individuals; these are 
settled by the house-builder or architect according to an¬ 
cient rule, and are adapted to our feelings or prejudices in 
favour of open fire-places; but the ventilation* of our rooms 
depends in great measure upon oursdlve.'?, and we may be fairly 
charged w'itli a presumptuous neglect of natural laws, if we 
fail to make use of .some of the simple moans for obtaining 
ventilation which have been detailed in previous chapters, 
llcforc .science had discovered the pernicious effects of impure 
air, it was not surprising that people did not ventilate. No 
plans for ventilation could be laid dovm on a proper basis, 
until the composition of the atmosphere had been properly 
defined: no definite meaning could be given to the word 
ventilation, until the nature of the air itself was known, 
and the ^oducts of respiration and combustion had been 
proved to be poisonous.* Rut no sooner had the beautiful 

* Ventilation w'as probably first practised in mining districts, as a 
work of necessity, in consequence of the rapid conversion of the oxygen 
of the air into carbonic acid, by the respiration of the miners, the com- 
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experiments of Priestley, (^avendish, and others, made an im¬ 
pression on the scientific minds of the day, than means were 
contrived for ventilation. Thus Cavnllo, in his Treatise on the 
Xature and Pnypertm of Air (4to., London, 1781), quotes 
from an older work, a method of ventilating a room by means 
of a small tube opening into it, in or near the ceiling, 
which might either be carried to the top of the building, or 
be made to communicate with the external air by a small 
perforation through the wall at the roof the room, by means 
of eitlier of which, a proper circulation would be established, 
and the foul air be carried off. In order to admit fresh air 
into the room, another opening was made in the ceiling, having 
a communication with a .small pipe that led from thence to 
the outside of the wall, where it was bent and conducted down¬ 
wards till it reached the ground, being left open to commu¬ 
nicate with the external air. Tlie co(d air would tlais bo forced 
in at the lower opening of the tube, and made to a.seend into 
the apartment in proportion to the ([uantity that escaped 
towards the higher regions, by means of the ventilator. 

Here we have a plan of ventilation at least seventy years 
old, and yet, at the present day, ventilation is still discussed 
and quarrelled over, as if it were some new thing. The 
proper supply of fresh air is denied to the great mass of the 
population, because builders, who ought to be perfectly ac- 

buRtion of their caudIcR, and the large quantities of irrespirable gases 
liberated by the gunpowder used in blasting. Mr, Henwood has given 
a summary of the analysis of eighteen samples of air taken from the 
mines of Cornwall and Devon, from which it appears, that the propor¬ 
tion of oxygen was only 17.067 per cent., while the carbonic acid was 
0.085; the nitrogen 82.848; and in one instance, the j»roportion 
of oxygen w'as reduced to 14.61; and in another, the carbonic acid 
was 0.23 per cent. These results shew a diminution in iSe pro¬ 
portion of the vital ingredient of the atmosphere from its usual 
per centage of 21, and an increase of the poisonous ingredient, car¬ 
bonic acid, from 0.05, its usual amount, calculated to produce great 
iqjnry to persona exposed tft the breathing of such a fluid for hours 
together. 
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quainted with these things, (who ought also to be able to 
construct chimneys that will discharge their smoke into the 
air instead of into the room), too often neglect to study the 
natural laws which chemists and physiologists *haTe* placed 
on a sure basis. We are told that the native porters of 
Canton are accustomed to balance the load which they cany 
on a pole upon their shoulders, by means of a large stone 
at the other extremity of the pole, and that they deemed the 
suggestion of an Englishman an impertinent interference, who 
wished them to balance one package by means of another. 
“ Our ancestors,” they said, “ were very wise men, and 
they never carried more than one package at a time, and 
this tliey balanced by means of a stone; shall we be wiser 
than our ancestors 1” So may a large proportion of our mo¬ 
dern builders exclaim, “ Our ancestors were very wise men ; 
tliey never thought of providing special means for ventilation 
in rooms and public buildings; shall we be wiser than our 
ancestors V’ Many a powerful satire on the modern practice 
of house-building is alforded by the stifling effects of ordi¬ 
nary dwellings. For e^iinple, Dr. Macculloch, in his Ac- 
couiU of tlie Hebrides, remarks, that while ttie inliabitants 
had no shelter but huts of the most simple construction, 
which afforded free passage for currents of air, they were 
not subject to fevers ; but when, through the good in¬ 
tentions of the proprietors, new dwellings w'ere erected, and 
were made close, cottforlable, and comnwdiotts, the stagnating 
air, and other impurities, joined to the want of cleanliness in 
the inmates, generated febrile infection. Now, we think, it 
must be admitted, that had these new dwellings been properly 
ventilated, by special means contrived for the purpose, there 
is no reason why they should have been more unhealthy than 
the old ones. 

When the great masses of the population become fully alive 
to the necessity of abundant supplies of wholesome air within 
doors, then, and not till then, will they also become alive to 
other sanatory measures; then will every house be properly 
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supplied with pure water, etticient sewerage, and special means 
for letting out foul air and admitting fresh ; then shall we cease 
to bury our dead in the midst of the living; then will cattle- 
markets, slaifghter-houscs, and all noxious trades, manufactures, 
and occupations, be removed to a greater distance from dwelling- 
houses ; then shall we have boards of public health filled by 
competent men, and endowed with luleipiate powers; then will 
vested rights in injurious abuses yield to public opinion, and 
the health and well being of the population will Ijc of para¬ 
mount interest. 

At the risk of repetition, let us consider the grounds which 
render a proi)er supply of pure air necessary to health. In 
the process of respiration, the blood, in jiassing through the 
lungs, is exposed to the action of the atmo.splicric air, during 
which exposure it undergoes certain change.s. The blood 
from the right side of the heart, when it enters the lungs, i.s 
of a dark red colour ; it is tlien disper-^ed in a state of most 
minute subdivision through the ultiimite vessels of tlio lungs, 
and in these vessels is brought into contact with the atmos¬ 
pheric air, when it becomes of a bright red colour. In other 
words, the blood changes in the lungs it.s rewow appc^arjince, 
and assumes the character of arto Uif blood. The blood thu.s 
arterialized, returns to the left siile of the he>art, from whence 
it is propelled through the whole arteries of the body. la 
the minute terminations of the arteries, tlie blood again loses 
its fiorid hue, and, reassuming its dark red colour, is returned 
through the veins to the right side of the heart, to lie exposed, 
a.s before, to the influence of tlic atmospheric air, and to 
undergo the same succession of changes. 

On examining the respired air, it is found that a portion of 
its oxygen has disappeared, and a similar bulk of carbonic acid 
has been substituted. While oxygen gas is passing inwards 
through the membrane of the lungs, carbonic acid is at the 
same time passing outwards through the same membrane. 
In fact, the oxygen of the air is absorbed by the blood, and 
in some unknown state of combination, reaches the extreme 
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subdivision of the arteries, where it is united with a portion of 
carbon, and forms carbonic acid gas, which gas also, in some un¬ 
known state of combination, is retained in the venous blood, till 
in the lungs it is expelled, and oxygen is absorbed in it^ stead. 
Along with the carbonic acid, a large quantity of aqueous 
vapour is at the same time separated from the blood. 

One great object of this process is the production and main¬ 
tenance of animal heat. From a comparison made by Professor 
Miller, of King’s College, of the results of numerous experi¬ 
ments, it appears that a man of ordinary stature consumes, in 
the course of 24 hours, 9 ounces (Troy) of carbon; that the 
heat generated during the combustion is sufficient to boil away 
Slbs. of water; that the consumption of oxygen in this 
proccs.*? is equal to 24 ounces, or 19.4 cubic feet; that tlie 
quantity of air ritiated amounts to 97.2 cubic feet; and the 
ijroduct in carbonic acid, to 33 ounces. 

These results are, of course, liable to much variation in the 
same individual at different times, in different individuals, and 
in different .sexes. The quantity of aqueous vapour is also 
liable to much variation, •but the average quantity has been 
stated to be 3 grains per minute. We have seen that the 
carbonic acid is a deadly poison, and the water thus 
given oif is not pure water, such as is liberated in the 
process of distillation or evaporation, but is contaminated 
with the most offensive animal effluvia. M. Leblanc states, 
that the odour of the air at the top of the ventilator of 
a crowded room is of so noxious a character, that it is dan¬ 
gerous to be exposed to it even for a short time. If this air be 
pf\ssed through pure water, the water soon exhibits ail the phe¬ 
nomena of putrefactive fermentation. The water of respiration 
thus loaded with animal impurities, condenses in the inner 
walls o^buildings, and trickles down in foetid streams. In the 
close and confined dwellings of the poor, this vapour condenses 
on the walls, the ceiling, and the furniture, and gives that 
()ermanently loathsome odour which must be familiar to all 
who take sufficient interest in the poor of large towns ever to 
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enter their dwellings. Take up a chair, and it is clammy tp 
the touch, and the hand retains the ill odour ; and, if the poor 
people are remonstrated with, on the ground of want of clean¬ 
liness, they say that the supply of water is scanty, and what 
little they have, must be dragged upstairs from the yard or 
cellar below. The low state of health induced by sucli abodes 
produces a chilly sensation, even in summer, which renders the 
occupants averse to open windows, and, in many cases, in con 
sequence of the crowded state of some burial grounds, and the 
f(£tid odours emitted from the sewer traps in the streets, an 
open window is a questionable remedy for bad ventilation. 

^^'e see, then, that there are many causes which render 
respired air injurious, if made to enter the lungs a secuntl 
time. In proportion as the air of a confined space bccomch 
vitiated by respiration, the quantity of carbonic acid increases, 
and as chemistry furnishc-s the means of determining this 
increase, while the other noxious products of respiration escape 
from exact analysis, the amount of carbonic acid may be taken 
as the exponent of the degree of vitiation of the confined air. 
This method was adopted a few yearo ago, by M. F61ix Leblanc, 
in an extensive series of experiments.* 

In conclusion, the writer wi.-shes to state, that if the inventor 
of any patent warming or ventilating apparatus feels himself 
neglected in these pages, he may be assured that the omission 
arises either from want of space, or from want of novelty in 
the essential details of the invention. It is no compliment to 
the inventive genius of the present day, to be compelled to 
state that many of the contrivances, especially for warming, 
which are put forth as new, and oven patented, do not differ 
in principle from some of those described in old treatises, 
several of which have been referred to in this work. 

. C.T. 

Be^ord-phcCf AmpthiU-squarCf 
June, 1850. 

• See Memoir read to the Academy of Sciences at Paris, 6th June, 
1842, and inserted in the Anncdee de Chimie et de Physique. Third 
Series^ vol. v. p. 223. 
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36, 37, 38, 39. Dictionarv or Terms used by Architects, Builders, 
Civil and Mechanical Engineers, Surveyors, Artists, Ship-builders, 
dee., 4 vols.. 

40. Glass-Staining, Art of, by Dr. M. A. Gessert . . . . 

41. Painting on Glass, Essay on, by E. 0. Fromberg . . . . 

42. Cottage Building, Treatise on, 2ud edition. 

43. Tubular and Girder Bridgrs, and others. Treatise on, more 

particularly describing the Britannia and Conway Bridges, with 
Experiments. 

44. Boundations, &c., Treatise on, by E. Dobson, C.E. 

45. Limes, Cements, Mortars, Concrete, Mastics, &c., Treatise on, 

by Geo. R, Burnell, C.E. 

46. Constructing and Repairing Common Roads, Treatise on tbc 

Art of, by 11. Law, C.E. 

47. 48, 49. Construction and Illumination of Licutbouseb, 

Treatise on the, by Alan Stevenson, C.E., 3 \ols. 

50. .Law of Contracts for Works and Servicf.s, Treatise on the, 

by David Gibiions, Esq. 

51, 52, 53. Naval Architecture, Principles of the Science, Trcat).sc 

on, by J. Peake, N. A., 3 vols. 


4s, 


Is. 

Is. 


Is, 


Is. 


Is. 


Is. 

Is. 


3s. 


Is. 

3.V. 


54. Masting, Mast-making, and Rigging of Shits, Treatise on, by 

R. Kipping, N. A... Is. fid. 

55, 56. Navigation, Trcaiise on; the Sailor's Sea-Book. —Howto 

keep the log and work it off—Latitude aiidlongitude—Great Circle 
Sailing—Law of Storms and Variable Winds; and an Explanation 
of Terms used, with coloured illustrations of Flags, 2 vols. . . 2.f. 

57, 58. Warming* AND Ventilation, Treatise on the Principles of the 

Art of, by Clias. Tombiison, 2 vols.2.'^. 

59. Steam Boilers, Treatise on, by R. Armstrong, C.E. . .Is. 

60, 61. Land and Engineering Surveying, Treatise on, by T. Baker, 

C.E., 2 vols.2s. 

62. Railway Details, Introdnctory Sketches of, by R. M. Stephenson, 

C.E. 

63, 64, 65. Agricultural Buildings, Treatise on the Construction of, 

on Motive Powers, and the Machinery of the Steading; and on 
Agricultural Field Engines, Machines, and Implements, by G. H. 
Andrews, 3 vols. 3a. 

66. Clat Lands and Loamy Soils, Treatise on, liy Prof. Donaldson, A.E. 1«. 
67,68. Clock and Watch-making, and un Church Clocks, Treatise 

on, by £. B. Denison, M.A., 2 vols..2a. - 

69* 70. Music, Practical Treatise on, by C. C. Spencer, 2 vols. .« . 2s. 

71. Piano-Forte, Instruction for Playing the, by the same « . .la. 

72, 73, 74, 75. Recent Fossil Shells, Treatise (A Manual of the 

MoIIusca) op, by Samuel P. Woodward, and illustrations, 

4 vola.. 4a. 


76, 77. Descriptive Geometry, Treatise on, by J. F. Heather, M.A., 

2 vols..2s. 

77*. Economy of Fuel, Treatise on, particularly with reference to Re- 
veriMrAtory Fumaces for the Manufacture of Iron and Steam 
Bo^,T*S. Pirkleua^ Eeq. . * * • ,. • '• 1«- 
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7B, 70. Steam as applied to Gknehal Pubposes and Locomotive 

Engines, Treatise on, by J. Sewell, C.E., 2 vole. 2s. 

70* Ri’dimentaby Work on Pr.f/rooBAPHV, containing full iuetructions 
in tlie Art of producing Photographic Pictures on any material 
and in any colour ; and also Tables of the Composiiiion and Pro¬ 
perties of the Cliemical Substances used in the several Photogi'aphic 
I’roeesses, Uy Dr, II. Halleur, of Berlin. Translated from tlie 
German, by the advice of Baron A. von Humboldt, by Dr. Strauss Is. 

SO, 81. Marine Engines, and on zue Screw, &;c., Treatise on, byR. 

Murray, C.E., 2 vols.2s. 

80*, 81 Embanking Lands from the Sea, the Practice of, treated as 
a Means of Profitable Employment of Capital, by John Wigging 
F.G.S., Land Agent aud Surveyor, 2 vols.2y. 

82, 82*. Power of Water, as applied to Drive Flour-Mills, 

Treatise on the, by Joseph Glynn, F.R.S., C.E. , . . . 2j. 

83. Book-Keeping, Treatise on, by James naddon,M. A. , . .Is. 

82**, 83*. Coal Gas, Practical Treatise on the Manufacture and Distri¬ 
bution of, by i^inuol Hughes, C.E., 3 vols. . . , , 3 a. 

83**. Construction of Locks, Treatise on the, with illustrations . 

03 (tis. Principlus or tub Forms Of Ships and Boats, by W. 

Bland, Emj. .li. 

04. Arithmetic, Elementary Treatise on, the Theory, and numerous Ex- 

amplcsfor Practice,and for Self-E.vamination, by Prof. J. R. Young lA.6fi 

84*. Kev to the above, by Prof. J. R. Young . . . . la. SdL 

8.5, Equational Arithnetic ; Questions of Interest, Annuities, and 

General Commerce, by W, Hipsley, Esq. ..... la 

80, 87. Algebra, Elements of, for the use of Schools and Self-Instruc¬ 
tion, by James HaddonyiM. A., 2 vols. .2a 

88, 80, Geometry, Principles of, by Henry Law, C.E., 2*vok . . 2t. 

00, Geometry, A.nalytical, by James Hann.la 

01, 02. Plank and Spherical Trigo.no.metry, Treatises on, by the 

same, 2 vols.2 a. 

03. Menscuation, Elements and Practice of, by T. Baker, C.E. . . 1 a. 

04, 95. Logarithms, Treatise on, and Tables for facilitating Astrono¬ 
mical, Nautical, Trigonomoti'ical, and Logarithmic Calculations, by 
H. Law, C.K., 2 vols. ..2 a. 


.0(i. Popular Astronomy, Elementary Tre.ati30 on, by the Rev. Robert 

Main, M.R.A.S. 1a. 

07. Statics and Dv.vamics, Principles and Practice of, by T. Baker, C.E. Ia. 
08 , 08 *. Mechanism, and Practical Construction of Macbinbb, 

Elements of, by the same, 2 vols. 2f, 

00, 100. Nautical Astronomy and Navigation, Theory and Practice 

0 ^ by H. W. Jeans, R.N.C., Portsmouth, 2 vols. ... 2 a, 

101. Differencial Calculcs, by W, S, B. Woolhouse, F.R.A.S. . . 1a. 

102. Integral Calculus, by Hoincrshain Cox, M.A. 1a. 

103. Integral Calculus, Collection of Examples of the, by James Hann lA. 

104. Differential Calculus, Collection of Examples of the, by J. 

Haddon, M.A. • U 

105. Algebra, Geometry, and Trigonometry, First Mnemouical 

Lessons in, by the Rev. Thomas Penyngton Kirkman, M.A, ^ 1*. 6a. 
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RUDIMENTARY WORKS. 

VBW SaBZBS or aOUCATIOWAli WOSXBt 

OR 

Volumes intended for Public Instruction and for Reference : 

JVow in tht course of Publication. 

Thb public favour with which the Rudimentary Works on scientific subjects have 
been received induces the Publisher to commence a New Series, somewhat diflierent 
in character, but which, it is hoped, may be found equally serviceable. The 
Dictiomries of the Morern Langoaocs are arranged for facility of reference, 
so that tlie English traveller on the Continent and the Foreigner in England may 
find in them an easy means of communication, although possessing but a slight 
acquaintance with die respective languages. They will aim be found of essential 
service for the desk in the merchant’s office and the counting-house, and mure 
particularly to a numerous class who ai’o anxious to acquire a knowledge of 
languages so generally used in mercantile and commercial transactions. 

The want of small and concise Greek and Latin Dictionarzis has long tiecn 
felt by die younger students in schools, and by the classical scholar who requires 
a book that may be carried in the pocket; and it is believed that the present is 
the first attempt which lias been made to ofi'er a complete Lexicon of the Greek 
Language in so small a compass. 

In the volumes on £.>'gland, Greece and Rome, it is intended to treat of 
History as a Science, and to present in a connected view' an analysis of the large 
and expensive works of the most highly valued historieal writers. The extensive 
circulation of the preceding StTies on the pure and applied Sciences amongst 
students, practical mechanics, and others, affords conclusive cvidenco of tho 
desire of our industrious classes to acquire substantial knowledge, when placed 
within their reach ; and this has induced the 1 ope that tlie rulutncs on History 
will be found profitoblo not only in an intellectual point of view, but, which is of 
still higher importance, in the social improvement of the people ; for witliout 
a knowledge of the principles of the English constitution, and of tliose events 
which have more especially tended to promote our commercial prosperity and 
political freedom, it is impossible that a correct judgment can be formed by tho 
mass of the people of the measures best calculated to increase the national 
welfare, or of the character of men best qualified to represent them in I’arliarocnt; 
and this knowledge becomes indispensable in exact proportion as the elective 
franchise may be extended and the system of governmeut become more under.^ 
the influence of public opinion. 

The scholastic application of these volumes lias not been overlooked, and a 
comparison of the text with the examinations for degrees given, will show their 
applicability to the course of historic study pursued in the Universities of 
Cambridge and London. 

1, 2, Cokstitetional History of Engla.vd, 2 vol&,by W. D. Ifaniilton 2g, 
3, 4,--—--DOWN TO Victoria, by the 


same.; . . 2«. 

b . Outline op the History of Greece, by the same .... Is. 

6. ----10 its becoming a Roman 

ruoviNCB, by tlic same.Is. fief. 

7. Odtli.ne History of Home, by the same ..Is: 

8. ----- 10 the Decline, by the same . . Is. 
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RUDIMENTARY WORKS. 

10. A Crronoloot of Civil akd Ecclesiastical History, Litera¬ 
ture, Science, and Art, from the earliest time to a late period, 

2 vole , by Edward Law. 2s, 

[|l. Gramuab of the Emolisu Language, for use in Schools sad for 

Privat^ Instruction, by Hyde Clarke, Esq., D.C.L. . . .Is. 

12,13. Dictionary op the English Language. A new and compressed 
H Dictionary of tlie EnglUh Tongue, as Spoken and Written, including 

.V above 100,000 words, or 50,000 more than in any existing work, 

and including 10,000 additional Meanings of Old Words, 2 vols. 


in 1, by the same. 28. Qd. 

14. Grahhar of the Greek Language, by H. C. Hamilton , . Is. 

15, IG. Dictionary of the Greek and English Languages, by H. R. 

Hamilton, 2 vote, in 1.2s. 

17,18. -English and Greek Languages, 2 vols. in 1, 

by the same . '.2s. 

10. Grammar of the Latin Language .Is. 

20, 21. DicnoNARY of the Latin and English Languages . . ^ v. 2s. 

22, 23, -English and Latin Languages ... 2s 

24. Grammar of the French Language, by Dr. Strauss, late Lecturer 

at IJesaiifon.Is. 


25. Dictionary op the French and E.vglish Languages, by A. Elwes Is. 

26. - English and French Languages, by the same Is. 

27. Grammar op the Italia.n Language, by the same .... Is. 

28. 20. Dictionary of the Italian, English, and French Languages, 


by the same.ls.«. 

3ft, 31.-ENcffisH, Italian, and French Lanouage-s, 

by the same.• . . .Is. 

32, 33.- French, Italian, and English Languages, 

l>) the same.Is. 

.■>1. Guammak of Tin: Spanish Language, by the same .... Is. 

3a, 3G. Dicno.NAUY or the Spanish a.nd E.>aLisH La.nguaoes, by the 

same.2s. 

37, 38.. . - - ■■ ■ E.nglish a.nd Spanish Languages, by the 

' same.2s. 

30. Grammar of the German Language, by Dr. Strauss . . , Is. 

40. Classical German Reader, from the best Authors, by the same . Is. 


41,42, 43. Dictionaries of tub English, German, and French 

Languages, by N. E. S. A. Hamilton, 3 a'oIs .3s. 

41,45. Dictionary of the Hebrew and English and English and 
Hebrew Languages, containing nil the new Biblical and Rabbinical 
words, 2 vols. (together with the Grammar, which may be had 
Bcp&ratcly for Is.), by Dr. Bresslau, Hebrew Professor . 6s. 


SUPPLBMBNTART TO THE SBRXES. 

Domestic Medicine ; or comi>lcte and comprehensive Instructions for Self-aid 
by simple and efficient Means for the Preservation and Restoration of 
Health ; originally written by M. Rasp.ail, and now fully U'auslaled and 
adapted to the use of tho British public. Is. 6if. 
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GREAT EXHIBITION BUILDING. 

The BUILDING erected in HYDE PARK for the 
GREAT, EXHllUTION. of the WORKS of 
INDUSTRY of ALL NATIONS, 1851: 

Illustrated by 28 large folding Plates, embracing plans, elevations, sections, and 
details, laid down to a large scale from the working drawings of the Contractors, 
Messrs. Fox, Henderson, and Co., by Charles Downes, Architect; with a 
scientific description hy Cn,\nLKs Cow’i'er, C.E. 

In 4 Parts, royal quarto, now eonipb’le, price £1. lOj., 
or in cloth boards, lettered, price .fl. 11#. Qd. 

*^* This work has every measured det.'ii! so tliorouchly made out as to enable 
.he Engineer or Arcliiiect to erect a eonstrneiion of a 'imilai' nature, either more 
or less c.\tensivc. 


SIR JOHN RENNIE’S WORK 


“THEORY, FORMATION, AM) CONSTRUCTION 
OF ERITISII AND FOKEJGN HARBOURS. 


Copious explanatory text, illustrated by numerous c.xample*!, 2 Vols., very neat 

in Imlf-niorocco. 

The history of the most ancient maritime nations affords con¬ 
clusive evidence of the importance wliiidi they attached to the 
construction of secure and extensive Ilarhoiirs, as indispensably^ 
necessary to the extension of commerce and m-nigation, and to the 
successful establishniciit of colonics in distant parts of the globe. 

To this important subject, and more especially with reference to 
the vast extension of our commerce willi I'orcigu nations, the atten¬ 
tion of the British Government ha.s of laic years been worthily 
directed; and as this may be reasonably expected to enhance the 
value of any information which may add to our cxi.sting stock of 
knowledge in a department of Civil Kiigineering as yet but imperfectly 
understood, its contribution at the j)rcscrit time may become generally 
useful to the Engineering Profession. 

The Plates are executed by Ibc l>esi mechanical Engravers; the Views finely-* 
engraved under the direction of Mr. Pye: all the Engineering Plates have dimeu- 
fiious, with every explanatory detail for professional use. 
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In octavo, cloth boards, price 9«. 

HYDRAULIC FORMULAE, CO-EFFICIENTS, 
AND TABLES, 

■ For finding the Discharge of \^ter from Orifices, Notches, Weirs, 
Short I'nbes, Diaphragms, Mouth-pieces, Pipes, Drains, Streams, 
and Rivers. 

BY JOHN NEVILLE, 

architect and C. E., member BOVAL IRISH ACADEMY, MEMBER INST. C. E. 

IRELAND, MEMBER GEOLOGICAL SOC. IRELAND, COUNTY BURVSTOR Of 
LOUTH, AND OF THF, COUNTY OF THE TOWN OF DROGHEDA. 

This work contains above loO different hydraulic formulae (the 
('ontincntiil ones reduced (o English measures), and the most ex¬ 
tensile and aeenrntc Tables yet ])ublislied for finding the mean 
^elocity of diseharge iVoni triangular, quadrilateral, and circular 
orifiees, jiijies, and rivers; with experimental results and co¬ 
efficients ;—effects of friction ; of the velocity of approach ; ‘and of 
cunc-s, bends, contractions, and expansions; — the best form of 
channel;— tiik drainaiji: i.i'incTs of long and short weirs, 
AND wKiH-iiASiNS;—cxtciit of back-uatcr from weirs; contracted 
channels;—catchment basins;—hydrostatic and hydraulic pres¬ 
sure;—water-power, &c. 


TKEDUOLl) ON Till’] STIUM-ENGINE. 


I’libliMied in 74 I’art.s, jiiirc 2«. (></, each, in Ito, illustrated by v^y numerous 
tniciaMiiirs and wood-cut)!, a new and inncli extended edition, now complete iu 
3 voU. bound in 4, in elegant lialf-morucco, price Nine Guineas and a Half. 


THE STEAM ENGINE, 


IN ITS PROGRESSIVE AND PRESENT STATE OF IMPROVEMENT; 

Practically and amply elucidating, in every detail, its modifications 
and applications, its duties and consumption of fuel, with an 
investigatiou of its jirinciples .and the jirojiortions of its parts for 
efficiency and strength; including examples of British and American 
recently constructed engines, with details, drawn to a large scale. 

The wt^l-known and highly appreciated Treatise, Mr. Tkedgold’s 
national Work on the Steam Engine, founded on scientific principles 
and compiled from the practice of the best makers—showing also 
easy rules for construction, and for the calculation of its power in 
all cases—has commanded a most extensive sale in the several 
English editions, and in Translations on the Continent. ITiese 
editions being now mt of prints the proprietor has been induced to 
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enlarge ud extend the present edition by practical examples of all 
kinds, with the most recent improvements in the construction and 
practical operations of the steam eneine both at home and abroad. 

The work is divided into the roctions named below, either of 
which may be purchased separately: working engineers will be 
thus enabled to select those portions which more especially apply to 
the objects upon which they may be respectively employed. 

Several scientific men, extensively and ])ractically employed, have 
contributed original and really practical papers of the utmost utility; 
by which the value of this extended edition is much increased. A 
copious Index for reference is added. 

Division A. Ix)cotnoti\e Engines, 41 plates and 55 wood-cuts, Complete, making 
Vol. I. In balf-morocco binding, price £2. 12«. Gd. 

Division B. Marine Engines, British and American, numerous plates and wood- 
cuts, making Vol. II.; bound in 2 vols. half-morocco, price £3. 13«. Gd. 

Divisuin C to G. making Vol. III., and completing the work, comprising 
Stationarr Engines, Pumping Engines, Engines for ^lllls, and several examples 
of Boilers employed in the British 3tcam Navy; in half-morocco, price 

£3.13<. 6d. 

LIST OF PLATES. 


DIVISION A.— LOCOMOTIVE ENGINES. 


Elevation of the 8-n heeled locomoti\e 
engine and tender, the Iron Dcke, 

* on the Great ‘Vt'estern Railway. 

Longitudinal section of ditto. 

Plan, ditto. 

Transverse sections, ditto. 

Details of ^itto; transverse section 
through working gear, transverse 
section and end view of tender; plan 
and section of feed-pump; plan and 
elevation of hand-pump; detmls of 
inside framing, centre axle, driving 
axle-box, regulation-valve, centre- 
beam stay, &c. 

Elevation of Crampton's patent loco¬ 
motive engine and tender. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of ditto. 

Elevation of the Pyracmon 6-whccled 
goods’ engine on the Great Western 
Railway. 

Half-plan of the working gear of ditto. 

Elevation of a portion of the working 
gear of ditto. 

Diagrams, by J. Sewell, L. E., of re¬ 
sistances per ton of the train; and 
portion of engines of Ihc class of the 


Great Britain locomotive, includ¬ 
ing tender, with various loads and at 
various velocities ; also of the ad¬ 
ditional n'hUtancc in tbs. per ton of 
the train, when the engine is loaded, 
to be added to the resistance per ton 
of the engine and tender when un¬ 
loaded. 

Side and front elevation of an express 
carriage engine, introduced on the 
Eastern Counties Railway by James 
Samuel, C.E., Resident Engineer. 

Longitudinal and cross section of ditto. 

Plan of ditto; with plan and section of 
cylinders, details and sections, piston 
full size. 

Elevation of the outside-cylinder tank 
engine made by Sharpe Brothers & 
Co., of Manchester, for the Man¬ 
chester and Birmingham R'-llway. 

Section of cylinder and other parts, 
and part elevation of ditto. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of both ends, with 
sectional parts. 

Mr. Edward Woods’ experiments on the 
several seclioni of old and modern 



NEW LIST OF WORKS. 


TREDGOLD ON THE STEAM ENGINE. 


calves of locomotive engines,—viz. 
fig. 1. stroke commences; fig. 2, 
stcain-port open; fig. 3, steam-port 
itlicn; fig. 4, steam-port open ; fig. bf 
stroke completed, steam cut off, 
exhaustion commences; fig. 6, stroke 
commences; fig. 7, steam-port full 
()|irn; fig. 8, steam cut off; fig. 9, 
exhaustion commences; fig. 10, steam 
completed. 

Ditto, dr.awn and engraved to half-sizc: 
fig. 1, old valve, -i^jpineh lap; fig. 2, 
H-iiK'h lap; fig. 3, ^'inch lap; fig.4, 
2-mch lap, Gray's patent; fig. 5, 
1-incli lap. 

I'.levation of a six-^\hef■led locomoti\c 
engine and tender. No. ir>, con- 
structcil hy Messrs. Taylcur, Videaii 
roimdry, Warrington, for the Cale¬ 
donian Kail way. 

l.oMgitudiiial seetion of ditto. 

I'lan of dilto. engine .unl tender, with 
eshiidrieal part of hoilcr removed. 

I'ilesalious of fire-hov, section of tirc- 
hov, section of smokc-ho.x, of ditto. 

elevations and sectional parts of ditto. 

Sectional parts, half-plan of working 
gear, ditto. 

Klevation of Mc.ssrs. Uohert Stci'ltcn^on 
Fo^;/-one plates and J 


and Co.’s six-wheeled patent loco¬ 
motive engine and tender. 

Longitudinal section of ditto. 

I’lan and details of Stephenson’s patent 
engine. * 

Section of fire-box, section of smoke- 
box, front and back elevations of the 
same. 

Plan of a six-wheeled engine on the 
Birmingham and Shrewsbury Rail¬ 
way, constructed by Messrs. Bury, 
Curtis, and Kennedy, Liverpool. 

I Longitudinal section of ditto. 

Sectional elevation of the smoke-box, &. 

] Sectional elevation of the fire-box of 
ditto. 

' Llcvation of the locomotive engine and 
tender, Plews, adapted for high 
' speeds, constructed hy Messr;5. R. & 

I W. Hawthorn, of N’cwcastle-upon- 
, Tjiic, for the Yoik, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This 
section is through the fire-box, boiler, 

I and smoke-ho-v, showing the tubes, 
j safetv -valve, w liistlcs, steam and blast 
pipes, &e. 

I Pl.m of ditto. , 

! Plan of the working gear, details, &c. 

ftv-five vuoff cnffrmiimjs . 


DIVISION n.—M.tRlNi: ENGINES, &C. 


Two plates, coinprisiiig figures 1, 2, 
and 3, Properties of Steam. 

I’lan of H. M. serevv steam frigate 
Daentles's, coiistrnetcd hy Robert 
Napier, Bsip 

Longitudinal elevation and transverse 
section of ditto. 

Lnngiludmal seetion at A B on plan, 
longitudinal section at C D on plan 
of ditto. 

tngines of II. M. steam ship Tehriiile, 
eonsti lifted hy Messrs. Maudslay, 
Sums, and Field, on the douhlc- 
rvliiiderpiinciple, Ijongitiidmalsec¬ 
tions of engines. 

Transverse section and end view of ditto. 

Transverse section through boilers of 
dilto. 

Plan of engines, showing iilso bunkets, 
paddles, lic. 


Oscillating engines of the Poninsnlar 
and Oriental Company’s steam vessel 
Ariel, constructed by John Penn 
and Sons. Longitudinal section. 

Seetion at engines of ditto. 

Section at hoilcr of ditto. 

Plan at boiler of ditto. 

Section at air-pump, and at cylinder. 

Annular cylinder engines of the iron 
steam vessels Princess Marv and 
Princess Maude, constructed by 
Maudslay, Sons, and Field. Longi- 
tudiiial section. 

Transverse section at engines of ditto. 

Section at boilers of ditto. 

Plan of engines of ditto, showing 
hunkers, paddles, &c. 

Plan of engines of H. M. steam vessel 
Simoom, constrneted hy James Watt 
&. Co., of London and Soho. 
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Longitudinal section of tlie Simoom. 

Cross section of diito. 

Engine of the Ri:d Rover, side \iow 
and plan. 

Longitudinal section of diito. 

Cross sections of (Into. 

Sheer draught and plans of vessel. 

Plan of the engine ofll. M. steam frig.de 
PnrE.NMX. 

T.ougiiiidiiial .section of engine of ditto. 

Cross section of ditto. 

Engine of the Rcdy stc.am vessel, ele¬ 
vation and plan. 

Sheer draught and jdan of vessel. 

Plan of engine of the AVii.iieiiforck, 
Hull and London packet. 

Cro.ss .‘■cction of ditto and vessel. 

Longitudinal section ofemrincs of ditto. 

ElevatiiJu of engines of ditto. 

Engines of tlie Ukrexice, llmi. 1]. 1. j 
Co.'s steam vosel. 

Section of ditto. 

Sheer draught anil jdan, stern view, 
and body jilan of vesvel. 

View of the 11 i;iikmck, whilst at sea. 

Hollers of 11. M. ships IImimk.'., Scu- 
KiKi:, and Fiiti.Fi.v. 

Xiiigston's valve.s, as fitted on hoatd 
sea-going vessels foi Mow-off injee- 
liuii. and liaiKl-piimp sea valves. 

Boilers of 11. M. steam \C'S( 1 Akkii .\n. 

Morgan's ])addle-v\heels, as titled in 
IL .M. S. .Mede.v. 

Side elevation of ditto. 

Plans of upjicr and lower decks of 
ditto. 

Sheer draught and profile of ditto. 

Morgan and Seaward's paddle-wliecW, 
comparative!). 

Positions of a float of a radiating pad¬ 
dle-wheel in a vessel in motion, and 
positions of a float of a vertically 
acting wheel in a vessel in motion. 

Cycloidal paddle-wheels. 

Sailing of steamers in five points from 
courses. 

Expcriinciital steaming and sailing of 
the C.vLKDo.viA, Vangoaru, Asi.v, 
and M»;i>ea. 

Engines of H. M. steam ship MccvRka. 

Engine of the steam boat New World, 


T. F. Socor & Co., Engineers, New 
York. Elevation and section. 

Elevations of cylinder and crank ends. 
Steam cylinders, plans, and sections. 

Details. 

Ssveral sections of details. 

Details and .sections. 

Details of part.s. 

Plans and sections of condenser, bed¬ 
plates, air-pump bucket, Ac. 

Details and seLlnms, injection valve.s. 

Details, plan and elevation of beams, 
Ac. 

Details, sections of parts, boilers, Ac, 
of the steam boat N’kvv Woki.d. 

.'section", detail", and paddles. 

Engines of tiic L'.S. mad steamers Ohio 
and (ii.oiioi A. Longitiidiiiai section. 

Elevations and cross sections of ditto. 

DetiiiK of steam-ebosts, side-pipc", 
valves, and valve gear of ditto 

Section of valves, and plan of piston of 
ditto. 

Boilers of dillo, sections of ditto. 

Engine of tlie 1 '. S. steamer Watlk- 
M m 11. .'"ectioual elevation. 

.'"team-elicsts ami evhiider" of ditto. 

iiiiilers, seeiioii", Ac. ot ditto. 

Boiler," oft be I .S. steamer Powh.vt.vs. 

Tronl view and seet^nns of diilvi. 

Elcvaimn of the PiU"liurg and Ciii- 
eiini.ui .Ameiieau packet IhcKi.vi. 
Si Air. 

Bow view, stern view. 

Plan of the Biu klv e Staii . 

Mcalel, Ac. of ditto, wbeel-bouse frame, 
ero"s section at wbecl-liousc, ami 
body jilan. 

Plan and side elevation of ditto. 

SbecT draught and plan, with the body 
plan, of the U. S, steam frigate 
Saranac. 

Longitudinal section of ditto, cross sec¬ 
tion. 

Engines of the U. S. steamer,Si'san:- 

It ANNA. 

Elevation of the U. S. Pacific steam 
packet engine. 

Plan of ditto. 

Boilers of ditto, end views. 

Ditto ditto. 


Eifjhly-Jive engratinys airl fiflg iinti xcml-cuh. 
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TREDGOLD ON THE STEAM ENGINE. 


DIVISION C. TO G., 

STATIONARY ENGINES, PUMPING 

Side elevation of intmping engine, U. S. 
dock, New York. 

End ele\alii)n of ditto. 

Elevation and section of tlic pumiis, 
ditto.—2 plates, 

Eoilers of pumping engines, ditto, 

Hoilers,Details,&.(■ of puinpiiig engines, 
ditto. 

Plan of the boilers, ditto. 

Isoiiietiit al projection of a rectangular 
boiler. 

I’l.iri .I'ld two sections of a cjlindncal 
I'oiler. 

IbimtiUiS apparatus furfeediiig furnace- 
tiies b\ lueaiis of niachineij. 

Parts of a lugli-jirc.ssure engine viith a 
■1-passaged coiK. 

Seetiiiii (if a doublo-acling cijiidensing 
engine. 

Sri tmu of a (’tmimon atinosjilieric eii- 
giue. 

On the ( oinstriiction of pivtoiis. 

SerlK'ii of steam pipe^ and \al\e.s. 

Ajipaiatiis for opening and closing steam 
passages. ^ 

Parallel niotions.—2 plates. 

Plan and elevation of an atmospheric 
engine. 

Elevation of a single-acting Iloulton 
and Watt ('iigine. 

Doiible-aetiiig eturiiic for raising water. 

Double-actMig engine for impelling 
macliiiierj-. 

^landsl.n's portable condensing engine 
for impelling niacliiin'rj. 

Indicator for iiiea.snriiig tbc force of 
steam in the cylinder, and diagrams 
of forms of vessels. 

Section of a steam vessel with its boiler, 
in two part.s—diagrams showing tirc- 
jilaees—longiliidinal section through 
i) 0 iler#nd lire-pbices. 

Isometiic.il proji'clion of a stenin-hnal 
engine. 

Pl.an and sect ion of a sle.im-hoal engine. 

Ten lioi'se-juiwiir engine, constructed 
by W. Fairbairii and Co.—4 plates. 

I'orty-fivc horse-power engine, coii- 
stniclcd by \V. Fairbairii & Co.— 

3 plates. 

Plan and section of boiler for a 20-horsc 


rORMING VOL. III. 

ENGINES, MARINE BOILERS, &C. 

engine, at the nyinufactory of Whit- 
worth & Co., Manchester. 

Messrs. Hague's double-acting cylinder, 
with slides, &c. 

Sixlv-five-inch cylinder, erected by 
Maiulslny, Sons, and Field, at the 
Chelsea Water-works.—5 iilates. 

Ilealc’s ])atcnted rotary engine. 

Donhle-story boilers of H.M.S. Devas- 
T-VTION, 400 II. I’. 

Eefrigerator feed and brine piunps. 

Feed and brine apparatus, as fitted on 
board the We-it India Koval Mail 
Coinpanv's ships. 

Hoilers of U. M. steam sloop B.vsilisk, 
400 II. P. 

Hollers of the SiNGAPonr,, 470 II, P,, 
Peiiinsukr and Oriental Conijiany. 

Original donhle-story boilers of the 
(iRI. VT WlsTKRN. 

Teles( (ipic eliimiuy, or sliding funnci, 
of H. M. slop IlvDR.v, 220 II. P, 

Seaward's patent In me and feed valves. 

Buileis ofll. M. mail jhickct Undine, 
(Miller, Kavciihill, A: Co.) 100 II. P. 

Cros' srctiuiis of engines of II. M. mail 
packet Vnuine. 

Longiiudiiial elevation of ihtto. 

Bnne-pnmps a.s tilted onboard H.M.S. 
Mruh.v, 220 il. P. (Maudslay, Sons, 
and Field.) 

lloilers of ll..\l. S. IlvDRA, 220 H. P. 

Plan of the four boilcis, with the sup¬ 
plemental v steam-chests and shut-off 
valves, of the Avenger. 

Hollers of II. M. steam ship Niger, 400 
II. P., fitted by Maudslav, Sons, and 
Field. 

E.Nperiineiital boiler, Woolwich A'ard. 

Hollers of H.M.S. Tkrrihle, 800 H.P. 
(.Maudslay, Sons, and Field.) 

Hollers of the Minx and Te.vsi.r, 100 
11. P. (traii'fencd to Wasp ) 

Hoilois of the Samson, H.P. 

Daniel's pvrometcr, full si/,e. 

Boilers of the Dksi'erati:, iOO 11. P. 
(Mandslay, Sons, and Field.) 

Hollers of the Niger (2nd plate). 

Boilers of H.M.S. Basilisk (2ik1 
plate). 

Boilers of the Undink. 
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TREDGOLD ON THE STEAM ENGINE. 


Boilers of the Royal Mail steam ships 

, Asia and Africa, 768 H. P., con¬ 
structed by R. Napier, Glasgow. 

Longitudinal and midship sections of 
ditto. * 

Boilers of H.M.S. La Hogue, 450 H.P. 
(Seaward & Co.) 

H.M.S. SiDON, 560 II.P. Plan of 
telescope funnel. 

Boilers of 11.M. S. Brisk, 250 H.P. 

Copper boilers for H. M. S. Sans- 
PAREiL, 350 H.P. (James Watt &. 
Co.! 

American marine boilers, designed and 
executed by C. W. Copeland, Esq., 
of New York, as fitted on board the 
American packets. 

^lidship section of the hull of the steam 
packet Pacific, New York and 
liiveVpool line. 

Elevation of pumping engines of the 
New Orleans Water-works, U. S., ar¬ 
ranged and drawn by E. W. Smith, 
Engineer, constructed at the Allaire 
Works, New York. 

Elevation of pumps and valves, chests, 
gcarinh, &c. 

^levatioi' at steam cylinder end. 

General plan of a turbine water-wheel 
in ope ation at Lowell, Massachusets, 
U. S., by J. B. Francis, C. E. 

Elevation of ditto.-Section of ditto. 

Plan of the floats and guide curves, 
ditto. 


Large self-acting surfacing and screw, 
propeller lathe, by Joseph Whitworth 
& Co., Manchester. 

Longitudinal section, showing arrange¬ 
ment of engine-room for disc engine 
applied to a screw propeller, and 
Bishop’s disc engine, by G. & J. 
Rennie, with details. 

Arrangement of engine-room for engines 
of 60 horse-power, for driving pro¬ 
pellers of H. M. steam vessels Rey¬ 
nard and Cruiser, constructed by 
Messrs. Rennie. Longitudinal sec¬ 
tion and engine-room. 

Ditto. Transverse section at boilers 
and at engines. 

Very elaborate diagrams showing ex¬ 
periments and results of various pad¬ 
dle-wheels.—8 plates. 

Steam flour-mills at Smyrna, con¬ 
structed by Messrs. Joyce & Co. 
Double cylinder pendulous condens- 
Mig engine, side elevation. 

Side elevation, horizontal plan, ditto. 

Longitudinal section. 

Horizontal plan of mill-house and 
boilers. 

Transverse section through cnginc- 
houie and mill. 

Boilers, longitudinal and transverse 
sections, front view. 

Section through mill-stones, elevation 
of upper part, section of lower part, 
plan of hopper, &c. 


Vol. I. 
II. 
HI. 


SUMMARY OF THE ILLUSTRATIONS. 


Locomotive Engines. 

Marine Engines. 

Stationary Engines, Pumping Engines, Engines 
forflour-Mills, Examples of Boilers, &c., Ac.. 

Total 


Flatcn. Wood-cuts. 
41 55 

85 51 

100 58 

226 164 


FULL-LENGTH PORTRAIT OP 

HENRY CAVENDISH, F.R.S. 

Some few India paper proofs, before the letters, of this celebrated 
Philosopher and Chemist, to be had, price 2«. Od, 
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HINTS 


YOUNG ARCHITECTS: 

COMPKISINQ 

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ARE DESTINED 
TO THE PROFESSION; 

TO SUCH AS, HAVING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL; 

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION, 

ARE ABOUT TO PRACTISE: 

TOGETHER WITH 

A MODEL SPECIFICATION: 

INVOLVING A GREAT VARIETY OF INSTRUCTIVE AND SUGGJISTIVE MATTER, 
CALCULATED TO FACILITATE THEIR TEACTICAL OPERATIONS; 

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE 
AGENTS OF THEIR EMPLOYERS, 

AND AS THE RIGHTFUL JUDGES OF A CONTRACTOR’S DUTY. 


By GEORGE WIGHT WICK, Architect. 

* CONTENTS :— 


Prcliminai'y Hints to Young Archi¬ 
tects on the Knowledge of 
Drawing. 

On Serving liis Time. 

On Travelling. 

His Plate on the Door. 

Orders, Plan-drawing. 

On his Taste, Study of Interiors. 
Interior Arrangements. 

Warming and Ventilating. 

House Building, Stabling. 

Cottages and Villas, 

Model Specification;— 

General Clauses. 

Foundations. 

Well. 

Artificial Foundations. 
Briclcwork. 

Rubble Alasoiiry with Brick 
Mingled. 


jSlodel Specification; 

Stonc-cutting. 

-, Grecian or Italian only, 

--, Gothic only. 

Miscellaneous. 

Slating. 

Tiling. 

Plaster and Cement-work. 
Carpenters’ Work. 

Joiners’ Work. 

Iron and Metal-work. 

Plumbers’ Work. 

Drainage. 

Well-digging. 

Artificial Levels, Conci’cte, 
Foundations, Piling and 
Planking, Paving, Vaulting, 
Bell-hanging, JPIumbiiig, and 
Building generally. 


Extra cloth boai'ds, price 
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JOHN WEALE’S 


ASTRONOMICAL ANNUAL FOR 1854. 

, COMPRISING 

I. The Ephcmeridcs. 

ir. Oil the Cometic Slystcrics, by Professor A. Crestadora, wilh Plates. 
HI. Notice of the Biograidiy of J. S. Biiilly. 

Price Is. 


THE WORK ON 

BRIDGES OF STONE, IRON, TIMBER, 
AND WIRE. 

Ill 4 Vols., bound in 3, described in the larger Catalogue of Publications j to 
which the following is the Supplement, now completed, entitled 

SUPPLEMENT TO “ THE THEORY, PRACTICE, AND 
ARCHITECTURE OP BRIDGES OF STONE, IRON, 
TIMBER, WIR,E, AND SUSPENSION,” 

111 one large 8vo volume, with explanatory Text and OS I'latcs, comprising 
details aiiif measured dimensions, in Parts as follows :— 


Part I. 

On. 

„ 11. . 

Qs. 

„ HI. . 

6s. 

« IV. . 

10s. 

„ V.AVl. 

LOs. 

Bound in half-morocco, uniform with the larger work, price 2f. 10s., or iu a 

different pattern 

at the same price. 

LIST OF 

PLATES. 

Cast-iron girder bridge, Ashford, Rye 

Mr. Fairbaini's hollow-girder bridge 

and Hastings Railway. 

at Blackburn. « 

Details, ditto. 

Waterford and Limerick Railway trirs 

Elevation and plan of truss of St. 

bridge. 

Mary's Viaduct, Cheltenham Rail¬ 

Hollow-girder bridge over the River 

way. 

Modlock. 

Iron road bridge over the Railway at 

Railway bridge over laguues of 

Chalk Fanil. 

Venice. 
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BRIDGES OF STONE, &C. 


Viaduct at Beangency, Orleans and 
Tours Railway. 

Obljque cast-iron bridge, on tlic system 
of M. Poloiiceau, over the Canal St. 
Denis. 

Blackwall lixtension Tlaihvay, Com¬ 
mercial Hoad bridge. 

Ditto, enlarged elevation of outside 
girders, witb details. 

Ditto, details. 

Ditto, ditto, and sections. 

Ditto, ditto, ditto, 

Hicliinond and Windsor main line, 
bridge o\cr tbe Thames. 

Ditto, details. 

Ditto, ditto, and sections. 

Orlcaiiij. and Bordeaux Railway bridge. 

Ditto, sections and details. 

Rouen and Havre Railway timber bridge. 

Ditto, details. 

Ditto, ditto, and sections. 

Viaduct of flic Valley of Malauncey, 
near Rouen. 

lloop-iion suspension bridge over Hie 
Seme at Snresne, department dc la 
Seine. 

Hoop-iron suspension foot bridge at 
Abaiiiville. , 

Suspension bridge over tlic Douro,irou 
wire suspension cables. 

Ditto, details. 

(ilasgow and South-Western Railway 
bridge over the water of Ayr. 

Ditto, sections and details. 

Plan of the cities of Ofeii and Pestli. 

Sections and soundings of the River 
Danube. 

Longitudinal section of framing. 

No. 1 coffer-dam. 

Transverse framing of colTcr-dam. 

Sections of Nos. 2 and 3 of coffer-dam. 

Plan of No. 3 coffer-dam and ice- 
bicakcrs. 

Plan and elevation of the construction 
of tb* scaffolding, and the manner of 
hoisting the chains. 


Line of soundings,— dam longitudinal 
sections. 

Dam sections. 

Plan and elevation of the Pesth sus 2 ien- 
siori bridge. 

Elevation of Nos. 2 and 3 coffer-dams. 

End view of ditto. 

Transverse section of No. 2 ditto. 

Tiaiisverse section of coffer-dam, plan 
of the 1st course, and No. 3 pier. 

Vertical section of Nos. 2 and 3 piers, 
showing vertical bond-stones. 

Verfical cioss section of ditto. 

Front elevation of Nos. 2 and 3 piers. 

End elevation of ditto. 

Details of chains.-Ditto. 

Ditto and idan of nut, bolt, andretain- 
iiig-liuks. 

Plan and elevation of I'oller-frames, 

Elevation and section of main blocks 
for laising the chains. 

Ditto, longitudinal section of fixture 
pier, showing tunnel for chains. 

Plan and elevation of rctaining-plates, 
showing machine for boring holes for 
retainiiig-hars. 

Retaining link and bar. 

Longitudinal plan and elevation of caft- 
iroii hcatn with truss columns. 

Longitudinal ctevalion and section of 
trussing, &c. 

Plan of ])ier at level of footpath. 

Detail of cantilevers for supporting the 
balconies round the toweis. 

Elevation and section of cantilevers. 

Delail of key-stone & Hungarian arms. 

Front elevation of toll-houses and wing 
walls. 

Longitudinal elevation of toll-house, 
fixture pier, wing wall, and pedestal. 

Vertical section of retaining-piers. 

Section at end of fixture pier, showing 
chain-holes. 

Lamp and pedestal at entrance of 
bridge. 

Lamp and pedestal at end of wing walls. 


Separately sold from the above in a volume, iirice half-bound in morocco £1.12s. 

An ACCOUNT, with Illustrations, of the SUSPENSION 
BRIDGE ACROSS tlic RIVER DANUBE, 

BY WILLIAM TIERNEY CLARK, C.E., IMt.S. 

U ilk Forty Ftiyravhiys. 
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THE ENGINEER’S AND CONTRACTOR’S 
POCKET BOOK, 

WITH AN ASTRONOMICAL ALMANACK, 

KEVISED FOR 1854. In morocco luck, price 6s. 
CONTENTS. 


Air, Air in motion (or wind), and wind¬ 
mills. 

Alloys for bronze; Miscellatmous alloys 
and compositions; Table of alloys; 
Alloys of copper and zinc, and of 
copper and tin. 

Almanack for 1852 and 1853. 

American railroads; steam vessels. 

Areas of tbe segments of a circle. 

Armstrong (R.), bis experiment on 
boilers. 

Astronomicttl phenomena. 

Ballasting. 

Barlow's (Mr.) experiments. 

Barrel drains and culverts. 

Bell-hanger’s prices. 

Blowing a blast engine. 

Boilers and engines, proportions of; 
Furnaces and chimneys; Marine. 

Bossut's experiments on the discharge 
^f water by horizontal conduit or 
conducting pipes. 

Brass, weight of a lineal foot of, round 
and square. * 

Breen (Hugh), his almanack. 

Bricks. 

Bridges and viaducts; Bridges of brick 
and stone; Iron bridges; Timber 
bridges. 

Burt's (Mr.) agency for the sale of pre¬ 
served timber. 

Cask and malt gauging. 

Cast-iron binders or joints; Columns, 
formulas of; Columns or cylinders, 
Table of diameter of; Hollow co¬ 
lumns, Table of the diameters and 
thickness of metal of; Girders, prices 
of; Stancheons, Table of, strength 
of. 

Chairs, tables, weights, &c. 

Chatburn limestone. 

Chimneys, &c., dimensions of. 

•Circumferences, &c. of circles. 

Coal, evaporating power of, and results 
of coking. 

Columns, cast-iron, weight or pressure 
of, strength of. 


Comparative values between the pre¬ 
sent and former measures of capacity. 

Continuous bearing. 

Copper pipes. Table of the weight of, 
Table of the bore and weight of cocks 
for. 

Copper, weight of a lineal fool of, round 
and square. 

Cornish pumping engines. 

Cotton null; Cotton jiress. 

Current coin of the principal commercial 
countries, with their weight aiuUe- 
lativc value in British money. 

Digging, well-sinking, &c. 

Docks, dry, at Greenock. 

Draining by steam power. 

Dredging machinciy. 

Dwarf, Table of experiments with 
II. M. screw steam tender. 

Eartlnvork and embankments, Tables 
of contents, Ac. 

Experirafnts on rectangular bars of 
malleable iron, by Mr. Barlow; on 
angle and T iron bars. 

Fairbairn (Wm.), on tbe expansive 
action of steam, and a new construc¬ 
tion of expansion valves for condens¬ 
ing steam engines. 

Feet reduced to links and decimals. 

Fire-proof flooring. 

Flour-mills. 

Fluids in motion. 

Francis (J. B., of Lowell, Massaebusets), 
his water-wheel. 

French measures. 

Friction. 

Fuel, boilers, furnaces, &c. 

Furnaces and boileis. 

Galvanized tin iron sheets in London 
or Liverpool, list of gauges and 
weights of. 

Gas-tubing composition. 

Glyim (Joseph), F. R. S., on turbine 
water-wheels. 

Ilawksby (Mr., of ’Nottingham), his 
experiments on pumping w'atcr. 

Heat, Tables of the effects of. 
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THE engineer’s AND CONTRACTOR’S POCKET BOOK. 


Hexagon heads and nuts for bolts, pro¬ 
portional sises and weights of. 

Hick's rule for calculating the strength 
of shafts. 

Hodgkinson’s (Eaton) experiments. 

Hungerford Bridge. 

Hydraulics. 

Hydrodynamics. 

Hydrostatic press. 

Hydrostatics. 

Imperial standard measures of Great 

^ Britain; Iron. 

Indian Navy, ships of war, and other 
vessels. 

Institution of Civil Engineers, List of 
Members of the, corrected to March 
15,1852. 

Iron bails, weight of cast; bars, angle 
and T, weight of; castings j experi¬ 
ments; hoop, weight of 10 lineal 
feet; lock gates ; roofs; tubes for 
locomotive and marine boilers; 
weights of rolled iron. 

Ironmonger's prices. 

Just's analysis of Mr. Dixon Robinson’s 
limestone. 

Latitudes andlongitudcs of the principal 
observatories. 

Lead pipes. Table of the weightf of. 

Leslie (J.), C.E. 

* Lime, mortar, cements, concrete, &c. 

Limestone, analysis of. 

Liquids in motion. 

Locomotive engines; Table showing 
the speed of an engine. 

Log for a sea-going steamer, form of. 

Machines and tools, prices of. 

Mahogany, experiments made on the 
strength of Honduras. [wheels. 

Mallet’s experiments on overshot 

Marine boilers; engines. 

Masonry and stone-work. 

Massachusets railroads. 

Mensuration, epitome of. 

^ Metals, lineal expansion of. 

Morin’s ^ol.) experiments. 

Motion; motion of water in rivers. 

Nails, weight and length. 

Navies — of the United States; Indian 
Navy; Oriental and Peninsular Com¬ 
pany; British Navy; of Austria; 
Denmark; Naples; Spain; France; 
Germanic Confederation; Holland; 
Portugal: Prussia; Sardinia; Swe¬ 


den and Norway; Turkey; Russia 
Royal West India Mail Company’s 
fleet. 

New York, State oL railroads. 

Numbers, Table oAhe fourth and fifth 
power of. 

Paddle-wheel steamers. 

Pambour (Count de) and Mr. Parkes' 
experiments on boilers for the pro¬ 
duction of steam. 

Peacocke's (R. A.) hydraulic experi¬ 
ments. 

Pile-driving. 

Pitch of wheels. Table to find the dia¬ 
meter of a wheel for a given pitch of 
teeth. 

Plastering. 

Playfair (Dr. Lyon). ^ 

Preserved timber. 

Prices for railways, paid by H. M. 
Office of Works; smith and founder’s 
work. 

Prony’s experiments. 

Proportions of steam engines and boil¬ 
ers. 

Pumping engines; pumping water by 
steam power. 

Rails, chairs, &c., Table of. • 

Railway, American, statistics; railway 
and building contractor’s prices; car¬ 
riages. 

Bain, Tables of. 

Raminell’s (T. W.) plan and estimate 
for a distributing apparatus by fixed^ 
pipes and hydrants. 

Rennie’s (Mr. Geo.) experiments; (the 
late J.) estimate. 

Roads, experiments upon carriages tra¬ 
velling on ordinary roads; influence 
of the diameter of the wheels; 
Morin’s experiments on the traction 
of carriages, and the destructive ef¬ 
fects which they produce upon roads. 

Robinson (Dixon), his experiments and 
material. 

Roofs; covering of roofs. 

Ropes, Morin’s recent experiments on 
the stiffness of ropes; tarred ropes; 
dry white ropes. 

Saw-mill. 

Screw steamers. 

Sewage manures. 

Sewers, castings for* their estimates, 
&c. 
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Signs and abbreviations used in arith¬ 
metic and mathematiqil expressions. 

Slating. 

Sleepers, quantity ip cubic feet, &c. 

Smeaton's experiments on wind-mills. 

Smith and founder's prices. 

Specific gravity, Table of. 

Steam dredging; Navigation; Tables 
of the clastic force; Table of Vessels 
of war, of America; of England ; of 
India; and of several other maritime 
nations. 

Steel, weight of round steel. 

Stone, per tb., stone, qr., cwt., and ton, 
&c., Table of the price. 

Stones. 

Strength of columns; IMatciials of con¬ 
struction. ' 

Sugar-mill. 

Suspension aqueduct over the Alleghany 
River; Bridges over ditto. 

Table of experiments with II. M. screw 
steam tender Dwarf ; of gradients; 
iron roofs; latent heats; paddle- 
wheel steamers of II. M. Service and 
Post-Office Service; pressure of the 
wind moving at given velocities; 

' jirices of galvanized tinned iron 
tube; specific heats; the cohesive 
power of bodies; coiumiis, posts, &c., 
of timber and iron ; the comparative 
strength, size, weight, and price of 
iron-wdre rope (A. Smith’s), hempen 
u rope, and iron chain; corrcsiionding 
velocities with heads of water as 
high as 50 ft., in feet and decimals; 
dimensions of the principal parts of 
marine engines; effects of heat on 
different metals; elastic force of 
steam; expansion and density of 
water; expansion of solids by in¬ 
creasing the temperature; expan¬ 
sion of water by heat; heights cor¬ 
responding to different velocities, in 
French metres; lineal expansion of 
metals; motion of water, and quan¬ 
tities discharged by pipes of dif¬ 
ferent diameters; power of metals, 
fiC.; pressure, &c., of wind-mill sails; 
principal dimensions of 28 merchant 
steamers with screw propellers; of 
steamers with paddle-wheels; pro¬ 
gressive, dilatation of metals by heat, 
proportion of real to theorctica 


discharge through thin-li]>ped ori¬ 
fices; quantities of water, in cubic 
feet, discharged over a weir per 
minute, hour, &c.; relative weight 
and strength of ropes and chains; 
results of experiments on the friction 
of unctuous surfaces; scantlings of 
posts of oak; size and weight of iron 
laths; W’cight in lbs. required to crush 
IJ-inch cubes of stone, and other 
bodies; weight of a lineal foot of 
cast-iron pipes, in tbs.; weight of a 
lineal foot of flat bar iron, in tbs.; 
w’ciglit of a lineal foot of square and 
round fiar iron; weight of a super¬ 
ficial foot of various metals, in tbs.; 
weight of modules of elasticity of 
various metals; velocities of paddlc- 
wlieels of different diameters, in feet 
per minute, and British statute miles, 
per hour; the dimensions, cost, and 
price jier cubic yard, of ten of the 
princi[)al bridges or viaducts built 
for railways ; the height of the boil¬ 
ing point at different heights;—to 
find the diameter of a wliecl for a 
given pitch of teeth, &c. 

Tables of squares, cubes, square and 
cubt roots. 

Teeth of wheels. 

Temperature, the relative indications of, 
by dift'eient thermometers. 

Thermometers, Table of comjiarison of 
different. 

Timber for carpentry and joinery pur¬ 
poses; Table of the properties of 
diflerent kinds of. 

Tin plates, Table of the weight of. 

Tools and machines, prices of. 

Traction, Morin’s experiments on. 

Tredgold’s Rules for Hydraulics, from 
Eytclwciii’s Equation. 

Turbines, Repoit on, by Joseph Glynn 
and others. 

Values of different materials. 

Water-wheels. * 

Watson’s (II. H.) analysis of limestone 
from tlie quarries at Chatburn. 

Weight of angle and T iron bars; of 
woods. 

Weights and measures. 

West India Royal Mail Company. v 

Whitelaw’s experiments on turbine 
water-wheels. 
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THE engineer’s AND CONTRACTOR’S POCKET BOOK. 


White's (Mr,, of Cowes) experiments 
on Honduras mahogany. 

Wicksteed’s (Thos.) experiments on 
the evaporating power of different 
kinds of coal. 


Wind-mills; of air, air in motion, &c. 
Woods. ^ 

Wrought iron, prices of. 

Zinc as a materid for use in house' 
building. 


In one Volume 8vo, extra cloth, bound, price 9s. 

THE STUDENT'S GUIDE TO THE PEACTTCE 
OF DESIGNING, MEASURING, AND VALUING 
ARTIFICERS’ WORKS; 

Containing Directions for taking Dimensions, abstracting the same, 
and bringing the Quantities into Bill; with Tables of Constants, 
and copious memoranda for the Valuation of Labour and Materials 
in the respective trades of Bricklayer and Sl^er, Carpenter and 
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ir^monger, 
Plumber, Painter and Glazier, Paper-hanger. Thirty-eight plates 
and wood-cuts. 

Tlie Measuring, &c., edited by Edw-^ard Dobson, Architect and 
Surveyor. Second Edition, with the additions on Design by 
E. Lacy Garbett, Architect, 


CONTENTS. 


PllELIMTNARY OUSERVATIONS^N DE¬ 
SIGNING Artificers’ Works. 

Preliminary Observations on Mea¬ 
surement, Valuation, &c.—On mea¬ 
suring— On rotation therein — On 
abstracting quantities—On valuation 
— On the use of constants of labour. 

BRICKLAYER AND SLATER. 

Design of Brickwork — technical 
teirns, &c. 

Foundations — Arches, inverted 
and erect—Window and other aper¬ 
ture beads—Window jambs—Plates 
and internal coiniccs — String¬ 
courses —E\tenial corn!CCS—Chim- 
ney shafts—On general improvement 
of brick aicliitccturc, especially fe¬ 
nestration. 

Measorkment. 

Of diggers’ work — Of brickwork, 
of facings, &c. 

Design ok Tiling, and tcchnicaltcrms. 

Measurement of Tiling—Example 
oflhe mode of keeping the measuring- 
book for brickwork. 


Abstracting Bricklayers’ and Tilers’ 
work. 

Example of bill of Bricklayers’ and 
Tilers’ work. 

Valuation of Bricklayers’ work, 
Earthwork, Concrete, &c. 

Table of size* and w’cights of 
ous articles—Tables of the numbers 
of bricks or tiles in irarious works— 
Valuation of Diggers’ and Bricklayers’ 
labour—Table of Constants for said 
labour. 

Examples of Valuing. 

1. A yard of concrete.—2. A rod 
of brickwork.—.1. Afoot effacing.— 

4. A yard of paving.—5. A square of 
tiling. 

Design, Measurement, and Valu¬ 
ation OF Slating. 

CARPENTER AND JOINER. 

Design of Carpentry — technical ; 
terms, &c. , 

Brestsummers, an abuse: substi¬ 
tutes for them — Joists, trimmers, 
trimming-joists—Girders, their abuse 
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JOHN WEALE’S 


DESIGNING, MEASURING, AND 

and right use—Substitutes for gir ders 
and quarter-partitions—Quartcr-j)ar- 
titions—Roof-framing—Great waste 
in present common modes of roof- 
framing— To dAerniinc the right 
mode of subdividing the weight, and 
the right numbers of bearers for 
leaded roofs — The same for other 
roofs—Prineiple of the truss—Con¬ 
siderations that determine its right 
pitch — Internal tilling or tracery of 
trusses—Collar-beam trusses—Con¬ 
nection of the parts of trusses—Vari¬ 
ations on the truss; right limits 
thereto—To avoid fallacious trussing 
and coof-fraraing — Delorme’s roof¬ 
ing; its economy on circular plans— 
Useful property of^egular polygonal 
pk..-prjOn combinaticiis of roofing, 
hips^ and valleys — On gutters, their 
use and abuse—Mansarde or curb- 
roofs. 

Design of Joinerv— technical terms, 
&e. 

Modes of finishing and decorating 
panel-work—Design of doors. 

Measurement, of Carpenters’ and 
^Joiners’ work—Abbreviations. 

Modes of measuring Carpenters’ 
work—Classification of labour when 
measured with the fimber—Classifi¬ 
cation oflabour and nails \^hen mea¬ 
sured separately from the timber. 

Examples of 'Measurement, arch 

‘A- centerings. « 

Bracketing to sham entablatures, 
gutters, soupd - boarding, chimney- 
grcuii'^s, sham plinths, sham pilas¬ 
ters, floor-boarding, mouldings — 
Doorcases, doors, doorway linings— 
Dado or surbase, its best construc¬ 
tion— Sashes and sash-frames (ex¬ 
amples of measurement)—Shutters, 
boxings, and other window fittings 
— Staircases and their fittings. 

Abstracting Carpenters’ and Joiners’ 
work. 

Example of Bill of Carpenters’ and 
Joiners’ w'ork. 

Valuation of Carpenters’ and Joiners’ 
work, Memoranda. 

Tables of numbers and weights. 

Tarles of Constants of Labour. 

Hoofs, naked floors—Quarter-par- 


VALUING artificers’ WORKS. 

titions —Labour on fir, per foot cube 
—Example of the valuation of deals 
or battens — Constants of labour on 
deals, per foot superficial. 

Constants of Labour, and of nails, 
separately. 

On battening, weather boarding— 
Rough boarding, deal floors, batten 
floors. 

Labour and Nails together. 

On grounds, skirtings, gutters, 
doorway-linings—Doors, framed par¬ 
titions, mouldings—Window-fittings 
— Shutters, sashes and frames, stair- 
cases—Staircase fittings, wall-strings 
—Dados, sham columns and pilasters. 

Valuation of Sawyers’ work. 

MASON. 

Design of Stonemasons’ work. 

Dr. Robison on Greek and Gothic 
Architecture — Great fallacy in the 
Gothic ornamentation, which led also 
to the modern ‘monkey styles’ — 

‘ Restoration ’ and Preservation. 

Measurement of Stonemason’s work. 

Example of measuring a spandril 
step, three methods—Allowance for 
laboitr not seen in finislicd stone — 
Abbreviations — Specimen of the 
in easuriu g-book — S tairs—Landings 
—Steps—Coping— String-courses— 
Plinths, window-sills, curbs — Co¬ 
lumns, entablatuics, blockings — 
Cornices, renaissance niches. 

Abstracting and Valuation. 

Table of weight of stone — Table 
of Constants of Labour — Example 
of Bill of Masons’ work. 

PLASTERER. 

Design of Plaster-work in real 
and mock Architecture. 

Ceilings and their uses — Unne¬ 
cessary disease and death traced to 
their misconstruction — Sanitary re¬ 
quirements for a right ceiling—Con¬ 
ditions to be observed to lender do¬ 
mestic ceilings innoxious—Ditto, for 
ceilings of public buildings — Bar¬ 
barous shifts necessitated by wrong 
ceiling — Technical terms in Plas¬ 
terers’ work. 

Measurement of Plaster-worl' 
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DESIGNING, MEASURING, AND 

Abbreviations — Abfctracting of 
Plasterers' work — Example of Bill 
of Plasterers’ w'ork. 

Valuation. 

Memoranda of quantities of ma¬ 
terials — Constants of Labour. 

SMITH UND FOUNDER. 

On the Use of Metal-work in 
Architecture. 

Iron not rightly to be used much 
more now than in the middle ages— 
Substitutes for the present extrava¬ 
gant use of iron—Fire-proof (and 
sanitary) ceiling and flooring—Fire¬ 
proof roof-framing in brick and iron 
— Another method, applicable to 
hipped roofs — A mode of imtrussed 
roof-framing in iron only — A prin¬ 
ciple for iron trussed roofing on any 
plan or scale — Another variation 
thereof—On the decoration of me¬ 
tallic architecture. 


VALUING artificers’ -WORKS. 

Measurement of Smiths’ and Foun¬ 
ders’ w'ork. • 

PLUMBER, PAINTER, 
GLAZIER, &c. 

Design, &c. of Lf-ad-work. 

Measurement of Paint-work — 
Abbreviations. 

Specimen of the measuring-book 
—Abstract of Paint-work—Example 
of Dill of Paint-work. 

Valuation of Paint-work. 

Constants of Labour — Measure¬ 
ment and Valuation of Glazing— 
Measurement and Valuatmu of 
Paper-hanging. 

APPENDIXXN WARMINg. 

Modifications pf sanitary* X'<^st|ucffi)n 
to suit the English open ure — 
More economic modes of warming in 
public buildings—Ditto, for private 
ones—Warming by gas. 


In J2ino., price 5 j. bound and lettered, 

THE OPERATIVE- MECHANIC’S WORKSHOP 
COMPANION, AND THE SCIENTIFIC 
GENTLEMAN’S PRACTICAL ASSIST^OT; 

Comprising a great variety of the most useful Ruk'sH'n Mecmanical 
Science, divested of mathematical complexity with numeroul 
Tables of Practical Data and Calculated ResuMJs, for facilitating 
Mechanical and Commercial Transactions. 

BY W. TEMPLETON, " '*** 

0 AUTHOR OF SEVERAL SCIENTIFIC WORKS. 

Third edition, with the addition of Mechanical Tables for the use 
of Operative Smiths, Millwrights, and Engineers ; and practical 
directions for the Smelting of Metallic Ores. 


2 vols. 4to, price f 2.16s., 

CARPENTRY AND JOINERY; 

Containing 190 Plates; a work suitable to Carpenters and Builders, 
comprising Elementary and Practical Carpentry, useful to Artificers 
in the Colonies. 
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JOHN WEALE’S 


THE AIDE. ME^IOIRE TO THE MILITARY 

SCIENCES, 

Framed from Contributions of Ofticcrs of the different Services, an^ 
edited by a Committee of the Corps of Royal Engineers. The 
work is now completed. 


Sold in 3 vols. £ 4.10*., extra cloth Iwards and lettered, or i 


Part I. 
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EDITION 
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Inti large v.'th ''.uinerous Tables, Kngrasings, and Tiit'i. 

A TEXT BOOK 

W 

For Agents, Estate Agents, Stewards, and Private Gentlemen, 
generally, in connection with Valuing, Surveying, RuildingJ 
•, Letting and Leasing, Setting ont. disposing, and partienlarlyt 
* describing all kinds of Properly, wliether it be Land or Personafj 
Property, rsefid to 

Auctioneers A'-suraiu’C Compaiiirs Landed Proprietors 

'Appraisers ISitddeis Stewards 

Agriculturistii Cisd Kngiiiccrs * Survesors 

Architects , Estate Agents Valuers, Ac. 
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In 1 vol. large 8^., with 13 Platt.s, price One Guinea, in half-morocco hhidnig, 

MATIIlvpATICS J'Oll I’KACTICAL .MEX; 

Commoff-Placc Rook of Pl'RE AM) MIXED MATIIE-" 
MATICS ; together with the Eleinotitary Principles of Engineering; 
designed chicHy for the use of Citil Engineers, Arcliiteetf, and 
Surteyors. 

BY OLINTnjJS GREGORY, LL.D., F.R.A.S. 

Third Edition, revised and enlarged by HENRY LAW, Ciul Engineer. 


CONTKNTB. 

PART I. —PL'RE MATHEMATICS 

CHAPTER I.—ARITHMETIC. 

SaCT. 

1. Definitions and notation. 

2. Addition of whole nutnbers. 

3. Subtraction of whole numbers. 

4. Multiplication of whole numbers. 


Sect. 

5, Division of whole numbers. — 
Pi oof of the first four rules of 
Arithmetic. ' at 

C. Vulgar fractions. — Reduction of 
vmlgar fractions.—^Addition and 
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MATHEMATICS FOR PRACTICAL MEN. 


subtraction of vulgar fractions. 
— Multiplication and division 
of vulgar fractions. 

^ Decimal fractions. — Reduction of 
decimals. — Addition and sub¬ 
traction of decimals.—Multipli¬ 
cation and di\ision of decimals. 

Complex fractions used in the arts 
and commerce. — Retluction. — 
Addition. — Subtraction and 
multiplication. — Diviciun. — 
Duodecimals. 

J. Powers and roots.—Evolnti^ji. 

J. Proportion.—Rule of Three.—De¬ 
termination of ratios. 

1. Logarithmic arithmetic.— Use of 

the Tables.—Multiplication and 
diMsioii by loganllims. — Pro- 
jmrtion, or the Rule of Thrre, 
by logarithms. — Evolution and 
involution by logarithms. 

2. Properties of iinmlicrs. 

rji vrTi R n.—Ai.r.r.nnx 

I. Dctinilions ami nutation.— 2. .\(1- 
dilum and Mihtracliuii.—;t. Mul¬ 
tiplication.— 1. Diuhioii.—j. lii- 
volutioii. — ti. E\o!iilioii. — 
Surds. — Rcdncl ion.—A<th t inn, 
subtraction, and multiplication. 
—Divisio;-., involution, and evo¬ 
lution — S. Simple cquation.s.— 
Extenuinatiou. — Solution of 
general problems.—9. Quadratic 
cquation-s. — 10. Equations in 
general. — 11. Progression. — 
A l i f li 111 cl ical progression.—(Ico- 
mctrical progression.—12, Frac- 
tion.'il and negative exponents.— 
13. I.ogaritlinis.—14. Computa- 
tion of fonmila:. 

CHAPTUIl It I.—OKOMETRY. 

Definitions. — 2. Of angles, and 
right lines, and their rectangles. 


— 3, Of triangles. — 4. Of qua- 
(Irilaterals and polygons.—5. Of 
the circle, and inscribed and cir- 
curascrilied frgtires.—6. Of plans 
and solids. — 7. Practical geo¬ 
metry. 

CHAFTRR IV.—MENSORATIOX. 

M’eights and measures.—1. Mea¬ 
sures of length.— 2. Mcasur^ 
of surface.—3. Measures of m 
lidity and capacity. — 4. Mp ^ 
sures of weight. — 5. Angutab 
measure. — 6. Measure of ti|^ 
— Comparison of Engli^d^^ 
French ueights and xacm^ , 1*' 

■ Mcn sijBtfiaiLof siiperfirwf 


CII vl'TEr^W^^lIGOXOMET^'. 

1. Dctilutiifi > apd trigonometrical 
foriiiuhc. — 2. Trigonometrical 
Tallies. — 3. General propose 
tioiis.—4. Solutidti of the cas J 
of plane triangles. — Riglit-afl^ 
gled plane triangles.—5. On t® 
application of trigonometry 
measuring heights and distano^. 
—Determination of heights ano 
distances i^proximate me¬ 
chanical rnMliOK. 

CIIACTER VI.— 

1. Definitions.—i^^operties^f . 

ellipse.—3. Irojierties of the 1^;. f 
pcrbola. —ProaertieiLj|f tlMt 
parabola. , ' 

CHAPTER Vir.—PROPERTfS*^^ 


1. Definitions.— 2. The conchoid.— 

3. The cissoid.—4. The cydoid 
and epicycloid.—5. The quiidra- 
trix.— 6. The catenary.—Rela¬ 
tions of Catenarian Curves. 


PART II.—MIXED MATHEMATICS. 

XNics'iNOENBRAi.. ' of structures.— Equilibrium of 

piers or abutments. — Preasnie 
,—STATICS. of earth against walls.—Thick* 

;jum. ness of walls. — Equilibritl|n 

y. polygons.—Stability of 

tion of the princi- — Equilibrium of su#^P^ 

I to the equilibrium bridges. 


lAPTKRI.—MECHANICS IN OENBRAL. 
CH.VPTER II.— STATICS. 

. Statical cquililujum. 

!. Centre of gravity. 

1. Gcncial ajiplication of the princi¬ 
ples of statics to the equilibrium 












